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Description 

The present invention relates to a hydrated zinc stannate sol and a process for its production, and a sol having dis- 
persed in a liquid medium colloidal particles of a modified metal oxide having a primary particle diameter of from 4.5 to 
100 nm, formed by coating the surface of colloidal particles of an oxide of a metal having a valence of 3, 4 or 5, with 
colloidal particles of a hydrated zinc stannate, and a process for its production. 

The hydrated zinc stannate sol and the modified metal oxide sol obtainable by the present invention are useful as 
microf illers to be used as a hard coating agent with a high refractive index to be applied on the surface of plastic lenses, 
films or plastic molded products, or they may be mixed with various resin emulsions for use as flame retardants for fibers 
or may be dispersed in polymers such as modacrylic resins for use as flame proof fibers. 

Further, the present invention relates to a coating composition wherein the particles in the above sol components 
are used as microfillers, to form a coating film excellent in the scratch resistance, surface hardness, abrasion resist- 
ance, transparency, heat resistance, light resistance, weather resistance, particularly water resistance, on eyeglasses, 
camera lenses, window glasses for automobiles or optical elements such as optical filters used for liquid crystal display 
devices or plasma display devices, and it further relates to an optical element employing such a coating composition. 

Hydrated zinc stannate is disclosed as ZnSn0 3 • 4H 2 0 in Journal of the American Ceramic Society, vol 36, p. 207 
(1953), or as 2nSn0 3 • 3H 2 0 in Acta Cryst, vol. 13, p. 601 (1960). 

In recent years, several methods in a wet system have been reported. For example, U.K. Patent No. 2,230,255 dis- 
closes a method for producing a powder of hydrated zinc stannate which comprises mixing an aqueous solution of 
sodium stannate (Na 2 Sn0 3 -SI-^O) with an aqueous zinc salt solution to form a precipitate of hydrated zinc stannate, 
followed by filtration and drying of this precipitate. Japanese Unexamined Patent Publications No. 24831/1993, No. 
24832/1993, No. 24833/1993, No. 24834/1993 and No. 24835/1993 propose to produce a powder by mixing an aque- 
ous acidic solution containing stannic ions and zinc ions with an aqueous alkali metal hydroxide solution, an aqueous 
ammonium carbonate solution, an aqueous ammonium hydrogencarbonate solution or aqueous ammonia to precipi- 
tate crystalline hydrated zinc stannate or amorphous hydrated zinc stannate in the form of particles having a particle 
diameter of from 0.2 to 1.0 \vm, followed by filtration and drying to obtain a powder. The powder of such crystalline 
hydrated zinc stannate or amorphous hydrated zinc stannate is used as an additive-type flame retardant, as dispersed 
in a polymer. 

The conventional methods for producing hydrated zinc stannate are intended to obtain a powder of hydrated zinc 
stannate to be added to a polymer in order to impart flame retardancy or an effect for preventing generation of toxicic 
gas to the polymer, and they are not concerned with a process for producing a sol containing fine colloidal particles. 

A first object of the present invention is to provide a stable hydrated zinc stannate sol which is useful as a transpar- 
ent flame retarding agent for a halogen-containing resin or a modacrylic resin, or as microfillers for a hard coating agent 
for plastic lenses (colloidal particles contained in a hard coating agent), and to provide a modified metal oxide sol 
employing such hydrated zinc stannate. The resin utilizing such a hydrated zinc stannate sol has a high level of flame 
retardancy, and the hard coating agent employing such a hydrated zinc stannate sal has a high refractive index. 

Plastic molded products are used in a large quantity by virtue of their advantageous features such as light weight, 
good processability and high impact resistance. On the other hand, they have drawbacks that the hardness is inade- 
quate, they are susceptible to scratching, they are likely to be eroded by a solvent, they are likely to be electrified and 
adsorb a dust, and the heat resistance is inadequate. Thus, as compared with inorganic glass products, they were prac- 
tically inferior for use as lenses for eyeglasses or window materials. 

It has been proposed to apply a hard coat to a plastic molded product. Many compositions have been proposed as 
coating compositions to be used for such a hard coat. For example Japanese Unexamined Patent Publication No. 
1 1261/1977 proposes to use a coating composition containing, as the main component, an organic silicon compound 
or its hydrolyzate, as a hard coat for eyeglass lenses. However, this coating agent does not provide adequate scratch 
resistance. Further, Japanese Unexamined Patent Publication No. 1 1 1336/1978 discloses use of a coating agent con- 
taining colloidal silica particles, prepared by an addition of a silica sol, as a hard coat for lenses of eyeglasses. 

Heretofore, plastic lenses for eyeglasses have been produced mostly by casting diethylene glycol bisallyl carbonate 
in a monomer state, followed by polymerization. The lenses produced in such a manner have a refractive index of about 
1.50 which is low as compared with the refractive index of 1.52 of glass lenses, and in the case of glasses for short 
sighted, there is a problem that the peripheral thickness has to be increased. Accordingly, in recent years, there has 
been development of monomers having higher refractive indices than the diethylene glycol bisallyl carbonate. Resin 
materials having such high refractive indices are disclosed, for example, in Japanese Unexamined Patent Publications 
No. 13747/1980, No. 166214/1981. No. 23611/1982, No. 54901/1982, No. 133211/1984, No. 199016/1985 and No. 
54021/1989. 

For lenses with high refractive indices employing such resin materials having high refractive indices, Japanese 
Unexamined Patent Publications No. 1 51 80 1 /1 987 and No. 275682/1 988 disclose a coating agent containing a colloidal 
dispersion of fine particles of an oxide of a metal such as Sb or Ti. 

The coating agent containing colloidal silica, prepared by an addition of a silica sol, has a problem that the film 
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obtained by coating and curing the coating agent is likely to create interference fringes which impair the appearance of 
the lenses. Further, in lenses, an antireflection film composed of a multilayer structure film comprising thin films of inor- 
ganic oxides, based on an optical interference theory, is formed, in many cases, on the film obtained by coating and cur- 
ing of a coating agent. In such a case, if the antireflection film exhibits, for example, a reflection color of extremely pale 

5 green, this reflection color changes depending upon the position on the lens surface to form flecking. 

To improve the surface of plastic lenses which have been commonly used in recent years, a sol of a metal oxide 
having a high refractive index has been used as a component of the hard coating agent to be applied on this surface. 

For example. Japanese Examined Patent Publication No. 37142/1988 discloses a hard coating agent containing 
particles of an oxide of a metal such as A£, Ti f Zr, Sn or Sb having a particle diameter of from 1 to 300 nm. 

10 A coating agent containing colloidal tin oxide, prepared by an addition of a tin oxide sol. has a problem that the tin 
oxide sol has a low compatibility with a silicon-containing substance such as an organic silicon compound or its hydro- 
lyzate for a silane coupling agent, and the stability tends to be low, whereby the film obtainable by coating and curing 
of such a coating agent, will have no adequate water resistance. 

A coating agent containing colloidal titanium oxide, prepared by an addition of a titanium oxide sol, also has a prob- 

15 lem that the titanium oxide sol has a low compatibility with a silicon-containing substance such as an organic silicon 
compound or its hydrdyzate in e.g. a silane coupling agent, and the stability tends to be low, whereby the film obtaina- 
ble by coating and curing of such a coating agent will have no adequate water resistance. 

A coating agent containing colloidal antimony oxide, prepared by an addition of an antimony oxide sol, has a prob- 
lem that the film obtainable by coating and curing of the coating agent will have a refractive index which is not sufficiently 

20 high, although the compatibility of the antimony oxide sol with a silicon-containing substance such as an organic silicon 
compound or its hydrolyzate in e.g. a silane coupling agent, is high, and the stability may be improved. 

Japanese Unexamined Patent Publication No. 217230/1991 proposes a stable sol containing colloidal particles of 
a modified metal oxide having a particle diameter of from 4.5 to 60 nm, which comprises colloidal particles of an oxide 
of a metal having a valence of 3, 4 or 5 and having a particle diameter of from 4 to 50 nm, as nuclei, and colloidal par- 

25 tides of a tungsten oxide-stannic oxide composite having a weight ratio of WCVSn02 of from 0.5 to 1 00 and a particle 
diameter of from 2 to 7 nm. coated on the surface of the nuclei, wherein the content of the total metal oxides is from 2 
to 50 wt%. 

Further, Japanese Unexamined Patent Publication Na 24746/1994 proposes a stable sol of a mocDfied stannic 
oxide-zirconium oxide composite consisting of particles of a structure which comprise cdloidal particles of a stannic 

30 oxide-zirconium oxide composite having a weight ratio of Zr0 2 /Sn0 2 of from 0.02 to 1 .0 and a particle diameter of from 
4 to 50 nm, as nudei, and colloidal particles of a W0 3 -Sn0 2 composite having a weight ratio of WCtySnC^ of from 0.5 
to 100 and a partide diameter of from 2 to 7 nm, coated on the surface of the nuclei. 

When the conventional metal oxide sol, particularly the cationic metal oxide sol, is used as a component of a hard 
coating agent, not only the stability of the resulting hard coating agent will be inadequate, but also the transparency, 

35 adhesion and weather resistance of a cured coating film obtained from such a hard coating agent, will be inadequate. 
Further, when a S&^Os sd is used as a component of a hard coating agent, the refractive index of St^Os is at a level 
of from 1 .65 to 1 .70, and if the refractive index of the plastic material to be used for e.g. lenses is at least 1 .6, the refrac- 
tive index of a cured coating film will no longer adequately be improved by such a Sb20 5 sol. 

The hard coating agent containing partides of an oxide of a metal such as A£, Ti, Zr, Sn or Sb, having a particle 

40 diameter of from 1 to 300 nm, as disdosed in the above-mentioned Japanese Examined Patent Publication No. 
37142/1988. is not desirable, since the water resistance of a coating film obtained by coating and curing it on a plastic 
material for e.g. lenses, will be inadequate. 

The colloidal particles of the modified metal oxide sol disdosed in the above-mentioned Japanese Examined Pat- 
ent Publication No. 217230/1991 has a refractive index of at least 1.7. H such a sol is used as a component for a hard 

45 coating agent for a plastic lens, the properties required for a hard coat film, such as scratch resistance, transparency, 
adhesion, water resistance and weather resistance, will be substantially satisfied. However, in a case where the nuclei 
of the modified metal oxide colloidal partides are made of a stannic oxide sol, the hard coat film obtained by using such 
a sol, will have a problem in light resistance such as a problem of yellowing when exposed to ultraviolet rays. 

Further, the colloidal partides of the modified stannic oxide-zirconium oxide composite sol disdosed in the above 

so Japanese Examined Patent Publication No. 24746/1994, have a refractive index of at least 1.7. If this sol is used as a 
component of a hard coating agent for a plastic lens, an improvement will be observed in the performance required for 
a hard coat film, particularly in the light resistance. However, the coating films obtained by using the sols disclosed in 
the above-mentioned Japanese Examined Patent Publications No. 217230/1991 and No. 24746/1994 are inadequate 
in water resistance and light resistance as hard coat films for which high level of properties are required in recent years, 

55 since both of them use colloidal particles of a tungsten oxide-stannic oxide composite to coat the nuclei. 

A second object of the present invention is to provide a coating composition which is capable of presenting a film 
free from interference fringes or flecking in reflection colors, when it is coated and cured on an optical element having 
a high refractive index made of a resin material having a refractive index as high as from 1.54 to 1.70, and an optical 
element utilizing such a coating composition, and to provide a coating composition for plastic material excellent in e.g. 
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scratch resistance, surface hardness, abrasion resistance, flexibility, transparency, antistatic property, dyability, heat 
resistance, water resistance and chemical resistance, and an optical element utilizing such a coating composition. Par- 
ticularly, the present invention is intended to provide a coating agent which is capable of presenting a film free from 
interference fringes and excellent in scratch resistance, adhesion, water resistance, transparency and light resistance. 

5 In a first aspect, the present invention provides a sol having dispersed in a liquid medium particles of a hydrated 

zinc stannate having a primary particle diameter of from 2 to 200 nm and represented by the formula 
xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00. 

In a second aspect, the present invention provides a sol having dispersed in a liquid medium particles of a modified 
metal oxide which have a primary particle diameter of from 4.5 to 100 nm and which comprise particles (i) of an oxide 

10 of a metal having a valence of 3, 4 or 5, as nuclei, and particles (ii) of a hydrated zinc stannate represented by the for- 
mula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00, coated on the surface of the 
particles (i). 

In a third aspect, the present invention provides a coating composition comprising: 

15 (A) at least one silicon-containing substance selected from the group consisting of organic silicon compounds of 
the formula (I): 

(R 1 )a(R 3 )bSi(OR 2 )4, (a+b) (I) 

20 wherein each of R 1 and R 3 is an alkyl group, an aryl group, a halogenated alkyl group, a halogenated aryl group, 
an alkenyl group, or an organic group having an epoxy group, an acryloyl group, a methacryloyl group, a mercapto 
group, an amino group or a cyano group, which is bonded to the silicon atom by a Si-C bond, R 2 is a C n . 8 alkyl 
group, an alkoxyalkyl group, or an acyl group, and each of a and b is an integer of 0, 1 or 2, provided that a+b is an 
integer of 0, 1 or 2, and the formula (II): 

25 

[(R 4 ) c Si(OX) 3 .J 2 Y (II) 

wherein R 4 is a C^. 5 alkyl group, X is a alkyl group or an acyl group, Y is a methylene group or a C 2 . 2 o alkylene 
group, and c is an integer of 0 or 1 , and their hydrolyzates; and 
30 (B) particles of a hydrated zinc stannate having a primary particle diameter of from 2 to 200 nm and represented 

by the formula xZnO • ySnC^ • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00. 

In a fourth aspect, the present invention provides a coating composition comprising: 

35 (A) at least one silicon-containing substance selected from the group consisting of organic silicon compounds of 
the formula (I): 

(R 1 )a(R 3 ) b Si(OR 2 )4. (a+b) (I) 

40 wherein each of R 1 and R 3 is an alkyl group, an aryl group, a halogenated alkyl group, a halogenated aryl group, 
an alkenyl group, or an organic group having an epoxy group, an acryloyl group, a methacryloyl group, a mercapto 
group, an amino group or a cyano group, which is bonded to the silicon atom by a Si-C bond, R 2 is a C^s alkyl 
group, an alkoxyalkyl group, or an acyl group, and each of a and b is an integer of 0. 1 or 2, provided that a+b is an 
integer of 0, 1 or 2, and the formula (II): 

45 

[(R 4 ) c Si(OX) 3 .j 2 Y (II) 

wherein R 4 is a C v5 alkyl group, X is a alkyl group or an acyl group, Y is a methylene group or a C 2 . 20 alkylene 
group, and c is an integer of 0 or 1 , and their hydrolyzates; and 
so (B*) particles of a modified metal oxide which have a primary particle diameter of from 4.5 to 100 nm and which 
comprise particles (i) of an oxide of a metal having a valence of 3, 4 or 5, as nuclei, and particles (ii) of a hydrated 
zinc stannate represented by the formula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 
1 .43:1 .00 to 5.00, coated on the surface of the particles (i). 

55 Now, the present invention will be described in detail with reference to the preferred embodiments. 

The particles of a hydrated zinc stannate dispersed in the sol in the first aspect of the present invention, have a pri- 
mary particle diameter of from 2 to 200 nm, preferably from 5 to 100 nm. Here, the primary particle diameter is not a 
diameter of an agglomerated particle but a diameter of an individual particle when an agglomerated particle has been 
dissociated into individual particles, and such a primary particle diameter can be measured by an electron microscope. 
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The hydrated zinc stannate constituting the above particles, is represented by the general formula 
xZn0*ySn0 2 *zH 2 0 wherein x:y:z = 1:0.83 to 1.43:1.00 to 5.00 and may, for example, be present in the form of 
ZnSn0 3 • zH 2 0 (which may be represented also by ZnO • Sn0 2 • zH 2 0) wherein z is from 3.00 to 5.00, which corre- 
sponds to the general formula wherein ZnO:Sn0 2 - 1 :1 i.e. a fixed ratio, or ZnO • (Sn0 2 ) a • zH 2 0 wherein a is from 0.83 
5 to 1 .43 and z is from 1 .00 to 5.00, which corresponds to the general formula wherein ZnO:Sn0 2 = 1 :0.83 to 1 .43 i.e. a 
non-fixed ratio. 

The liquid medium in which the particles of a hydrated zinc stannate are dispersed, may, for example, be an aque- 
ous medium, or a hydrophilic organic solvent such as methanol, ethanol or isopropanol. 

As a process for producing the sol according to the first aspect of the present invention, a first process is a process 
10 which comprises the following steps (a), (b) and (c): 

(a) a step of reacting a zinc salt and a stannate in an aqueous medium in the presence of hydrogen peroxide to 
obtain an aqueous medium having dispersed therein colloidal particles of a hydrated zinc stannate having a Zn/Sn 
molar ratio of from 0.7 to 1 .2; 

15 (b) a step of heating the aqueous medium having dispersed therein colloidal particles of a hydrated zinc stannate, 
obtained in step (a), at a temperature of from 30 to 200°C; and 

(c) a step of removing an electrolyte from the aqueous medium having dispersed therein colloidal particles of a 
hydrated zinc stannate, obtained in step (b). 

20 The zinc salt to be used in step (a) may be any zinc salt of an inorganic or organic acid, so long as it is water-solu- 
ble. For example, it may be zinc chloride, zinc nitrate, zinc sulfate, zinc acetate or zinc gluconate. These salts may be 
used alone or in combination as a mixture of two or more of them. However, a zinc salt of an inorganic acid such as zinc 
chloride or zinc sulfate is preferred from the viewpoint of the production cost for the sol or waste water treatment, and 
such salts may be used alone or in combination as a mixture of two or more of them. Such a zinc salt may be used in 

25 the form of an aqueous solution having a concentration of from 0.1 to 20 wt% as calculated as ZnO. 

The stannate to be used in step (a) is preferably a water-soluble alkali metal stannate such as sodium stannate 
(Na 2 Sn0 3 • 3H 2 0) or potassium stannate (K 2 Sn0 3 • 3H 2 0). These stannates may be used alone or in combination as 
a mixture. Such a stannate may be used in the form of an aqueous solution having a concentration of from 0.1 to 20 
wt% as calculated as Sn0 2 . 

30 The hydrogen peroxide to be used in step (a), may be used in the form of an aqueous solution having a concentra- 
tion of from 5 to 60 wt% as H 2 0 2 . 

In step (a), the zinc salt and the stannate are reacted in the aqueous medium in the presence of hydrogen peroxide 
in a Zn/Sn molar ratio of from 0.7 to 1.2, to obtain colloidal particles of a hydrated zinc stannate having a Zn/Sn molar 
ratio of from 0.7 to 1.2. If the Zn/Sn molar ratio in the above reaction is less than 0.7, colloidal particles of tin oxide 

35 (SnO^ will form, such being undesirable, and rf it exceeds 1 .2, colloidal particles of Zn(OH) 2 will form, such being unde- 
sirable. 

In step (a), the reaction of the zinc salt and the stannate in the presence of hydrogen peroxide is preferably carried 
out in an aqueous medium prepared by mixing an aqueous stannate solution with an aqueous zinc salt solution having 
an aqueous hydrogen peroxide solution added thereto. The addition of an aqueous hydrogen peroxide solution may be 

40 made to one or both of the aqueous zinc salt solution and the aqueous stannate solution. However, it is preferred to add 
it to the aqueous zinc salt solution, since the aqueous stannate solution is alkaline. In step (a), the amount of hydrogen 
peroxide present in the aqueous medium may be in a molar ratio of ^O^n of from 0.5 to 20.0, preferably from 1 .0 to 
18.0. Hydrogen peroxide has a function to control the particle diameter of colloidal particles, when the zinc salt and the 
stannate are reacted to form colloidal particles of a hydrated zinc stannate. If the above H 2 0 2 /Zn molar ratio is less than 

45 0.5, a part of colloidal particles of a hydrated zinc stannate will have a primary particle diameter exceeding 200 nm, and 
if the molar ratio exceeds 20.0. hydrogen peroxide will be excessive, such being uneconomical. 

In step (a), mixing of the aqueous stannate solution with the aqueous zinc salt solution having an aqueous hydro- 
gen peroxide solution added thereto, may be carried out by a method of mixing both solutions simultaneously or a 
method of dropwise adding one of the aqueous solutions to the other aqueous solution. By either method, it is possible 

so to obtain colloidal particles of a hydrated zinc stannate having a Zn/Sn molar ratio of from 0.7 to 1 .2. However, in order 
to avoid agglomeration, it is preferred to employ a method of dropwise adding the aqueous zinc salt solution having an 
aqueous hydrogen peroxide solution added thereto, to the aqueous stannate solution. This dropwise addition is carried 
out at a temperature of from 20 to 80°C over a period of from 0.5 to 5 hours. It is preferred that the aqueous zinc salt 
solution having an aqueous hydrogen peroxide solution added thereto, is dropwise added by a quantitative pump to the 

55 aqueous stannate solution with stirring by means of a stirring device such as a disper. It is preferred to mix both solu- 
tions so that by this mixing, the hydrated zinc stannate formed in the aqueous medium will be at a concentration of from 
0.1 to 20 wt%, preferably from 1.0 to 10 wt%. The pH of this mixed solution is usually from 3 to 12, preferably from 5 to 
9. Further, if necessary, the pH can be adjusted by an addition of an aqueous acidic solution or an aqueous alkaline 
solution. If the pH is less than 3, an unreacted zinc salt will remain, whereby the yield tends to be low, and if the pH 
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exceeds 12, an unreacted stannate will remain, whereby the yield tends to be low, such being undesirable. 

In step (a), the aqueous medium may contain a hydroxycarboxyiic acid, its salt or a mixture thereof in an amount of 
at most 1 .5 mols. preferably from 0.05 to 1 .5 mols, per mol of Sn in the stannate. By the addition of such a hydroxycar- 
boxyiic acid or its salt, it is possible to obtain a hydrated zinc stannate sol having high dispersibility or transparency. As 

5 such a hydroxycarboxyiic acid or Hs salt, the one soluble in water is employed. The hydroxycarboxyiic acid may, for 
example, be gluconic acid, tartaric acid or citric acid, and the salt of a hydroxycarboxyiic acid may, for example, be an 
alkali metal salt, an ammonium salt or an organic basic salt of e.g. gluconic acid, tartaric acid or citric acid. The alkali 
metal salt may, for example, be sodium gluconate or potassium citrate, and the organic basic salt may, for example, be 
propylamine gluconate or monoethanolamine tartarate. The hydroxycarboxyiic acid or its salt may be added after for- 
te mation of colloidal particles of a hydrated zinc stannate. but it is preferred to add H before or during formation of the col- 
loidal particles. Such a hydroxycarboxyiic acid or its salt may be incorporated to the aqueous medium by adding it to 
either the aqueous stannate solution or the aqueous zinc salt solution. However, it is preferred to add the hydroxycar- 
boxyiic acid or its salt to the aqueous stannate solution in the method of dropwise adding the aqueous zinc salt solution 
having an aqueous hydrogen peroxide solution added thereto, to the aqueous stannate solution with stirring. Such a 

75 hydroxycarboxyiic acid or its salt may be added to the aqueous stannate solution directly or in the form of an aqueous 
solution having a concentration of from 1 to 50 wt%. 

In step (b). the aqueous medium having dispersed therein colloidal particles of a hydrated zinc stannate, obtained 
in step (a), is heated for aging at a temperature of from 30 to 200°C, preferably from 60 to 100°C, for from 0.1 to 50 
hours, preferably from 1 to 10 hours. If the temperature for heating exceeds 100°C, an autoclave or the like will be 

20 required. If the heating time for aging is less than 0.1 hour, the effects will be small, and the time may exceeds 50 hours, 
but such is uneconomical. The aqueous medium having dispersed therein colloidal particles of a hydrated zinc stan- 
nate, obtained by step (b), is capable of improving the dispersibility or transparency of the sol obtained by adding an 
alkaline substance for alkalization to a pH of from 9 to 12. Such an alkaline substance may, for example, be an amine, 
a quaternary ammonium hydroxide or an alkali metal hydroxide, but an amine is particularly preferred. As such an 

25 amine, monoethanolamine or isopropylamine may, for example, be mentioned. 

In step (c), an excess electrolyte such as cations (alkali metal ions) or anions (acid radicals), can be removed by a 
combination of ultrafiltration and washing with water, from the aqueous medium having dispersed therein colloidal par- 
ticles of a hydrated zinc stannate (the aqueous sol of a hydrated zinc stannate) obtained in step (b). In a case where 
the electrolyte is removed by ultrafiltration, such an operation can be carried out at a temperature of at most 100°C, 

30 preferably from room temperature to 60°C, depending upon the material of the ultraf ilter to be employed. Further, if nec- 
essary, the electrolyte may be reduced by further treatment with a cation exchange resin or an anion exchange resin. 
The anion exchange resin is used in a hydroxy! group form, and a commercially available anion exchange resin may be 
employed. Anions can be readily reduced by a method of passing the sol through a column packed with the anion 
exchange resin. Passing the sol through the column is preferably conducted at a temperature of from 0 to 60°C at a 

35 space velocity (SV) of from 1 to 10.hr 1 . The cation exchange resin is used in a hydrogen form, and a commercially 
available cation exchange resin may be employed. The necessary amount of the cation exchange resin may directly be 
added and stirred for treatment. 

By the removal of an excess electrolyte in step (c). it is possible to obtain a hydrated zinc stannate sol of the present 
invention having excellent transparency and adequate stability. The sol obtained in step (c) has a pH of from 3 to 12, 

40 preferably from 5 to 1 1 and contains the hydrated zinc stannate at a concentration of from 5 to 20 wt%. The hydrated 
zinc stannate particles in the sol thereby obtained, have a primary particle diameter of from 2 to 200 nm and are repre- 
sented by the formula xZnO • ySnC>2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00. With respect 
to the hydrated zinc stannate particles in the sol thereby obtained, the proportions of zinc, tin and water of crystallization 
can be confirmed by a method such as a fluorescent X-ray analysis or a differential thermal analysis. 

45 To further increase the concentration of the sol obtained in step (c), a further step may be adopted as step (d) 
wherein a small amount of an organic base or an organic acid is added thereto as a stabilizer, followed by concentration 
to a level of 40 wt% by an apparatus such as a rotary evaporator or an ultrafiltration apparatus. The organic base to be 
used, may, for example, be an alkylamine, an alkanolamine or a quaternary ammonium hydroxide; For example, n-pro- 
pylamine. isopropylamine, diisobutylamine, ethylenediamine. monoethanolamine or triethanolamine may be men- 

so tioned. The organic acid may, for example, be a hydroxycarboxyiic acid such as glycolic acid, tartaric acid or citric acid. 
The aqueous medium for the aqueous sol obtained in step (c) or the subsequent step (d) may be substituted by a 
hydrophilic organic solvent in step (e) to obtain an organo sol. This substitution can be carried out by a conventional 
method such as distillation or ultrafiltration. Such a hydrophilic organic solvent may, for example, be a lower alcohol 
such as methanol, ethanol or isopropanol, a linear amide such as dimethyrformamide or N.N'-dimethylacetamide, a 

55 cyclic amide such as N-methyl-2-pyrrolidone, a glycol ether such as ethyl cellosolve. or ethylene glycol. The particles in 
the organo sol obtained in step (e) have the same primary particle diameter as the particles in the aqueous sol obtained 
in step (c). 

As a process for producing the sol according to the first aspect of the present invention, a second process is a proc- 
ess which comprises the following steps (a 1 ), (b), (c 1 ) and (cf): 
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<a'> a stee of neutralizing a zincate and a stannate with an acid in an aqueous medium in the presence of hydrogen 
peroxideto obtain an aqueous medium containing agglomerates of colloidal particles of a hydrated zinc stannate 
having a Zn/Sn molar ratio of from 0.7 to 1 .2; 

(b) a step of heating the aqueous medium containing the agglomerates of colloidal particles of a hydrated zinc 
r stannate, obtained in step (a 1 ), at a temperature of from 30 to ZOO'C; 

(c) a step of removing an electrolyte from the aqueous medium containing the agglomerates of colloKlal particles 
of a hydrated zinc stannate, obtained in step (b 1 ); and .. 

(d ) a step of peptizing the agglomerates of colloidal particles of a hydrated zinc stannate in the aqueous medium 
obtained in step (c*). 

The zincate to be used in step (a"), may be any zincate so long as it is water-soluble. Such a zincate is preferably 
an alkali metal zincate such as sodium zincate or potassium zincate. Such an alkali metal zincate is used preferably in 
the form of an aqueous alkaline solution of a composition having a M a O/ZnO molar ratio of at least 2.0. smce the normal 
salt (represented by the general formula M 2 0 • ZnO • nhfeO wherein M is an alkali metal atom) is susceptible to hydros 
,s ysis. Itis preferred that the zincate is used in the form of an aqueous solution having a concentration of from 0.1 to 20 

^ThVSnnate to be used in step (a") is preferably a water-soluble alkali metal stannate such as sodium stannate 
(Na 2 Sn0 3 • 3H 2 0) or potassium stannate (K 2 SnO a • 3H z O). These stannates may be used alone or in ^nation a * 
a nocture Such a stannate may be used in the form of an aqueous solution having a concentration of from 0.1 to 20 

20 ^The^ogen peroxide to be used in step (a'), may be used in the form of an aqueous solution having a concen- 

**" ZZ7r STzST^fe stannate are mbced in a Zn/Sn molar ratio of from 0.7 to 1.2 in the presence of 
hydrogen peroxide and neutralized with an acid in an aqueous medium, to obtain agglomerates composed of colloidal 
P Sdes of a hydrated zinc stannate having a Zn/Sn molar ratio of from 0.7 to 1 .2. If the ZnVSn meter jratio at the time 
o?S the zincate and the stannate. is less than 0.7. colloidal particles of stannic oxide (SnO,) w.l. form, such being 
undesirable, and if it exceeds 1.2. colloidal particles of Zn(OH) 2 will form, such being undesirable. 

In step (a 1 ), the colloidal particles of a hydrated zinc stannate having a Zn/Sn molar ratio of from 0 7 to 1 .2 have a 
primary particle diameter of from 2 to 200 nm. but the colloidal particles having such a primary particle diameter form 
agjomerates Acco«ling.y. the aqueous medium containing agglomerates of such colloidal particles of a hydrated z.nc 

^tl'^T^^^lZy. for example, be an inorganic acid such as hydrochloric acid, nitrtc acid, sulfuric 
acid or sulfamic acid, or an organic acid such as formic acid, acetic acid or oxalic acid. However, an morganic aod ,s 
preferred from the viewpoint of the production cost or waste water treatment Such an aad can be used .n the form of 
35 an aqueous solution having a concentration of from 0.1 to 20 wt%. Mrnnan „„ 

in step (a'), the reaction for neutralizing the zincate and the stannate with an aod .n the presence of hydrogen per- 
oxide is tlreferably carried out in an aqueous medium prepared by mixing an aqueous solution conta.n.ng the zincate 
and the stannate with an aqueous acid solution having an aqueous hydrogen peroxide added thereto. 

The aqueous solution containing the zincate and the stannate is prepared preferably by mixing an aqueous zincate 
solution and an aqueous stannate solution. Further, the aqueous hydrogen peroxide solution * •J" 

the aqueous solution containing the zincate and the stannate or the aqueous acid solution However.^ ^£<*"*to 
add R to the aqueous acid solution, since the mixed aqueous solution of the aqueous zincate sdution ^e aqueous 
Snnate solution, is alkaline. In the reaction for neutralizing the zincate and the stannate wrth an aod .n Jepresence 
of hydrogen peroxide in step (a'), the amount of the hydrogen peroxide in the aqueous medium may be such .thai t toe 
45 mdar ratio o?H 2 0^n is from 0.5 to 20.0. preferably from 1.0 to 18. The hydrogen pmh ta a ^'° a n p to ^ 
the particle diameter of the colloidal particles when the zincate and the stannate are neutrahzed w* the acri to form 
agglomerates of colloida. particles of a hydrated zinc stannate. If the H 2 0^n molar ratio is less .than O^apartofcol- 
toidal particles of a hydrated zinc stannate will have a primary particle diameter exceeding 200 nm. and rf it exceeds 

so 2 °'°in^t?pTaT m^nTofthe aqueous solution containing the zincate and the stannate and the aqueous acid solution 
J^SSS^ Peroxide solution added thereto, may be carried out by a method of mixing both solutions 
sSaSously. or a method of dropwise adding one of them to the other aqueous solution^ erthe, 'method £i ,s .pos- 
sible to obtain agglomerates of colloidal particles of a hydrated zinc stannate havmg a Zn/Sn molar ratio of from 0.7 to 

2 However Zttr to avoid formation of floes, it is preferred to employ a method of *opv«se adding 
acid solution having an aqueous hydrogen peroxide solution added thereto, to the aqueous solution c ontainmg to e zin- 
cate and the stannate. This dropwise addition is carried out at a temperature of from 20 to 80°C over a pence I of f rom 
0 5 to 5 hours. It is preferred that the aqueous acid solution having an aqueous hydrogen peroxde solution added 
thereto is dropwise added by a quantitative pump to the aqueous solution containing the zincate and the stannate wrth 
stirring by means of a stirring device such as a disper. It is prefened that the two solutions are mixed so that by the mix- 
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ing the hydrated zinc stannate formed in the aqueous medium would be at a concentration of from 0. 1 to 20 wt% pref- 
erably from 1 0 to 10 wt%. The pH of this mixed solution is usually from 3 to 1 2, preferably from 5 to 9. If the pH is less 
than 3. a part of the hydrated zinc stannate formed, will be dissolved in the acid as a zinc salt, whereby the yield tends 
o be low. and if the pH exceeds 12. the stannate and the zincate partially remain unreacted. whereby the yield tends 
to be low, such being undesirable. 

In step (a% the aqueous medium may contain a hydroxycarboxylic acid, its salt or a mixture thereof in an amount 
of at most 1 .5 mols. preferably from 0.05 to 1 .5 mols. per mol of Sn in the stannate. By the addition of the hydroxycar- 
boxylic aod or rts salt, it is possible to obtain a hydrated zinc stannate sol having high dispersibility or transparency. 
Such a hydroxycarboxylic acid or its salt is water-soluble for use. The hydroxycarboxylic acid may. for example be glu- 
conic aad, tartanc acid or citric acid, and the salt of a hydroxycaiboxylic acid may. for example, be an alkali metal salt 
an ammonium salt or an organic basic salt of e.g. gluconic acid, tartaric acid or citric acid. The alkali metal salt may for 
Z a jy^' 9l " conat 1 ? ' a " d * e tesic salt may, for example, be propylamine gluconate. The hydroxy- 

carooxyhc acid or its salt may be added to any stage of steps (a 1 ) to (d% However, it is preferably added before formation 
of aagtomerates of colloidal particles of a hydrated zinc stannate or during the formation of such agglomerates or to a 
sol obtained by peptizing the agglomerates. When added before forming agglomerates of colloidal particles of a 
hydrated zinc stannate. the hydroxycarboxylic acid or its salt may be incorporated into the aqueous medium by adding 
rt to either the aqueous solution containing the zincate and the stannate or the aqueous acid solution having an aque- 
ous hydrogen peroxKle solution added thereto. However, the above hydroxycarboxylic acid or its salt is preferably added 
to the aqueous solution containing the zincate and the stannate in the method of dropwise adding the aqueous acid 
sototon having an aqueous hydrogen peroxWe solution added thereto, to the aqueous solution containing the zincate 
and ttie stannate with st.rr.ng. Such a hydroxycarboxylic acid or its salt may be added to the aqueous solution contain- 
ing the zincate and the stannate directly or in the form of an aqueous solution having a concentration of from 1 to 50 

WlTO. 

JSf' ( t l e ? e !! < nieCfL,ni containing agglomerates of colloidal particles of a hydrated zinc stannate. 
obtained in step (a ) is heated for aging at a temperature of from 30 to 200°C, preferably from 60 to 100'C. for from 0 1 

°JIr^«r? a ? y ^ V 0 1 ° h ° UrS " me tem P erature for ^"9 exceeds 1 00-C. an autoclave or the like will be 
required If the heating time tor aging is less than o.l hour, the effects tend to be small, and the time may exceed 50 
hours, but such is uneconomical. 1 

In step (c% an excess electrolyte such as cations (alkali metal ions) or anions (acid radicals) will be removed from 
the aqueous med.um containing agglomerates of colloidal particles of a hydrated zinc stannate. obtained in step (b") 
The electrolyte .s removed by washing by such a method as decantation. centrifugal filtration or ultrafiltration. Removal 
Dy such a filtration method can be carried out usually at a temperature of at most 100°C. preferably from 25 to 60°C 

In step (d 1 ). the aqueous medium (sluny) containing agglomerates of hydrated zinc stannate colloid having an 
excess electrolyte washed and removed, obtained in step (c% is dispersed and peptized by an apparatus such as a dis- 

an alkali metal hydrox.de or ammonia, or an organic base such as an amine, may be incorporated to adjust the pH 
whereby rt is possible to produce a sol having the particles of a hydrated zinc stannate dispersed in the aqueous 
medium, more efficiently. To the sol thus obtained, the above-mentioned hydroxycarboxylic acid, rts salt or a mixture 
thereof, may be added in an amount of at most 1 .5 mols. per mol of Sn of the hydrated zinc stannate 

The sol obtained in step (d«) has a pH of from 3 to 12. preferably from 5 to 1 1 and contains the hydrated zinc stan- 
nate at a concentration of from 5 to 30 wt%. The hydrated zinc stannate particles in the sol thus obtained have a pri- 

rTe^^^ 

In order to further reduce the electrolyte in the hydrated zinc stannate sol. the sol obtained in step (d") may be 
treated with a cation exchange resin or an anion exchange resin. The cation exchange resin is used in a hydroxy! group 
form and a commercially available anion exchange resin may be employed. Anions can be readily removed, for exam- 
ple, by a method of passing the sol through a column packed with the anion exchange resin. Passing the sol through 
the column is carried out preferably at a temperature of from 0 to 60°C at a space velocity (SV) of from 1 to 10 hr 1 The 
cation exchange resin is used in a hydrogen form, and a commercially available cation exchange resin may be 
errployecf Treatment with such a cation exchange resin may be carried out by directly adding a required amount of the 
cation exchange resin to the sol with stirring, whereby cations can be removed. By the removal of the excess electrolyte 
in step (CO. peptization in step (d) will be facilitated, whereby it is possible to obtain a hydrated zinc stannate sol of the 
present invenbon having excellent transparency and adequate stability with a pH of from 3 to 12. When it is desired to 
further .ncrease the concentration of the sol obtained in step (d"), a further step may be added as step (e") wherein the 
so. can be concentrated to a level of 40 wt% by an addition of a stabilizer such as an organic base oran organic add 
The organic base to be used. may. for example, be an alkylamine. an alkanolamine or a quaternary ammonium hydrox- 
ide. For example, n-propylamine. isopropylamine. diisobutylamine, ethylenediamine. monoethanolamine or trieth- 
anolarrine may be mentioned. The organic acid may. for example, be a hydroxycarboxylic acid such as glycolic add 
tartaric aad or crtnc acid. The aqueous medium of the aqueous sol obtained in step (d 1 ) or the subsequent step (e") may 
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be substituted by a hydrophilic organic solvent in step (f) to obtain an organo sol. This substitution may be carried out 
by retentional method suoh as distillation or ultrafiltration. The hydrophilic organic ^sdvent may. for exarrple be a 
^ccho. such as methanol, ethanol or isopropano.. a linear amide such as *™^™ m «*Z^tlT<Xe 
ce^mw7a cyclic amide such as N-methyl-2-pyrrolidone. a glycol ether such as ethyl cellosolve. or ethylene glycol The 
P^Sls in ine o?gano so. obtained in step (f) have the same primary particle diameter and molar ratio as the particles 
in the aqueous sol obtained in step (e"). 

The sol having dispersed in a liquid medium particles of a hydrated zinc stannate according to the first aspect of 
the pTese* Son! be prepared by a third process which is a combination of the first and second processes 
Name* »e hXocess comprises OT a step of neutralizing a stannate and a zincate with an J 
an aqueous medium in the presence of hydrogen peroxkie to obtain an aqueous medium coining aggtomerates of 
S.o?daTpartic.es of a hydrated zinc stannate having a Zn/Sn molar ratio offrom 0.7 to 12. *J 
aaueous medium containing agglomerates of colloidal particles of a hydrated z.nc stannate. obtained in step (a at a 
SSuTrof from 30 to 200'C. (c») a step of removing an electrolyte from the aqueous medaim containing agglom- 
SSTSSuXrm of a hydrated zinc stannate obtained in step (b"). and (d") a step of peptamg the agglomer- 
ates of colloidal particles of a hydrated zinc stannate in the aqueous medium obtained in step (c). 

SSSSn inTe iove thi?d process, the reaction for neutralizing a zincate and a stannate wittt an acid and a zinc 
salt STp esence of hydrogen peroxide, is preferably carried out in an aqueous medium prepared by mixing an aque- 
oTs Srintaining a zincate and a stannate with an aqueous solution of an acid and a zmc sa.t havmg an aqueous 

^'^^SSS^SSi^^ by conventiona. processes a., form precipitates and have large diameters of from 
0 3 to? Tm. ^ *5 do not form sols even when excess electrolytes are removed by e.g. f iftraton and washmg^ 
*L are subjected to wet pulverization treatment by means of e.g. a sand grinder or an attrrter. they may be able to be 
SeieTto ^^foVm^sols However, even then, it is difficult to obtain sols having high levels of stability and ^mpmm 
Trte so^avTnrdispersed in a .iquid medium particles of a hydrated zinc stannate according to > the tart aspect of 
the prSem 'Son. Sn be prepared by the first process wherein a zinc saft and annate ™^™Z*££ 
medium in the presence of hydrogen peroxide, or the second process wherein a zincate and a ^ annat Q e ^ "^^J 
San acid in an aqueous medium in the presence of hydrogen peroxide. The hydrogen peroxide .s capable of control- 
SpanS Sze of the hydrated zinc stannate colloidal particles formed during the reaction, so that the colloidal parti- 
cSha^^^ 

so suTaaato^ration is so weak that after removal of an excess electrolyte, agglomerates may readily be peptazed to 
ob^in Th^S ^ Tannate sol. This is believed to be attributab«e to the fact that by the presence of hydrogen per- 
oxide, the surface of stannic acid is in a peroxy state. . 

In the X-ray diffraction measurement, the hydrated zinc stannate particles .n the sol obtained by the irst process 
accord ng to Z tZ of the present invention showed a pattern which agreed to the peak pattern of he hydrated 
ss zirstSe (IsTM Ho. 20-1455. 2nSn0 3 • 3H 2 G) disclosed in ASTM, Indexto the X-ray >^ 

They also showed a peak of a crystalline hydrated zinc stannate. but such a peak was very small, and .t was confirmed 
that the particles were mostly amorphous hydrated zinc stannate. .... , ^„ ^h„.K«c^ 

Further in the X-ray diffraction measurement, thehydrated zinc stannate partides m the sd obta,ned by thesecond 
orccess^cco^g to the first aspect of the present identic*, show a pattern ^ 
«, (No?0-1 S ZnSn0 3 . 3H 2 0).Tnd they show a peak of crystalline hydrated zinc stannate. Thus, the partc.es obtained 

by the second process have high crystallizabil'ity. . . .. . o „. . Ih 

The carticles (0 made of an oxide of a metal having a valence of 3. 4 or 5. to be used in the second aspect of the 
wes UE ha^e a orimary particle diameter of from 4 to 50 nm. preferably from 4 to 30 nm. Here, the primary 
ESS Z^'^aS^^t^m^Aed partide. but is a diameter of an individual partide when such an 
45 ^er^^^ 

^ TeToe Sa^having a valence of 3. 4 or 5. may. for example, be an oxide o, a me*, such as aluminum, 
vttrium antimony indium bismuth, titanium, zirconium, tin. cerium, tellurium, niobium or tantalum, such as A* 2 0 3 . 
^S^S^SS^^^Z^ Sn0 2 . Ce0 2 . Te0 2 . S^O*. Nb^s or TaA, These oxides may be used alone 
so I S cognation as a rSure ol two o more of them. As such an oxide of a metal, an oxide of tin z.rconium. titanium 
o arZ^p^arSprirred. and these oxides may be used a.one or in combination as a mixture of two .or more 
In , a case where Ew> or more oxides are to be used, they may be employed as a mere mixture of such ox.de 

Knoed^udure ™dlo?dal partides of a composite having a structure in which colloidal particles of stannic ox.de and 

haviScot«aT P artic.es (i) having a primary particle diameter of from 4 to 50 nmj preferably from 4 to 30 nm. dispersed 
in a liquid medium by a conventional method such as an ion exchange method, a pept.zat.on method, a hydrolysis 



9 



EP 0 748 768 A1 



method or a reaction method. 

The ion exchange method may, for example, be a method of treating an acidic salt of the above metal with a hydro- 
gen form cation exchange resin or a method of treating a basic salt of the above metal with a hydroxyl group-form anion 
exchange resin. The peptization method may, for example, be a method wherein a gel obtained by neutralizing an acidic 
s salt of the above metal with a base or a basic salt of the above metal with an acid, is washed and then peptized with an 
acid or a base. The hydrolysis method may, for example, be a method of hydrolyzing an alkoxide of the above metal or 
a method of hydrolyzing a basic salt of the above metal under heating, followed by removal of an unnecessary acid The 
reaction method may, for example, be a method of reacting a powder of the above metal with an acid. 

As the medium for such a metal oxide sol, either water or a hydrophilic organic solvent may be used. However an 
io aqueous sol using water is preferred. Such a sol can be used as a stable sol at a pH of from 1 to 9. So long as the object 
of the second aspect of the present invention can be accomplished, any optional component such as an alkaline sub- 
stance, an acidic substance or a hydroxycarboxylic acid to stabilize the sol may be incorporated to the metal oxide sol 
The metal oxide sol may have a metal oxide content of from 0.5 to 50 wt%, preferably from 1 to 30 wt%. Further, so long 
as a stable sol of the second aspect of the present invention can be obtained, a mixture of two or more types of the 
is above sols, may be employed. 

The particles (ii) of a hydrated zinc stannate represented by the formula xZnO • ySnOj, • zH 2 0 wherein the molar 
ratio of x:y:z is 1:0.83 to 1.43:1.00 to 5.00, to be used in the second aspect of the present invention, have a primary 
particle diameter of from 2 to 20 nm, preferably from 2 to 1 0 nm. The hydrated zinc stannate constituting the above par- 
ticles represented by the general formula xZnO • ySn0 2 • zH 2 0 wherein x:y:z is 1:0.83 to 1.43:1.00 to 5.00 may be 
present in the form of ZnSnO s • zH 2 0 (which may also be represented by ZnO • Sn0 2 • zH 2 0) wherein z is from 3 00 to 
5.00 which corresponds to the general formula wherein ZnO:Sn0 2 -1:1 i.e. a fixed ratio, or ZnO-(Sn0 2 ) -zHoO 
wherein a is from 0.83 to 1 .43, and z is from 1 .00 to 5.00, which corresponds to the general formula wherein ZnO SnOo 
= 1 :0.83 to 1 .43 i.e. a non-fixed ratio. 

The particles (ii) of the hydrated zinc stannate is preferably used in the form of a sol having dispersed in a liquid 
medium hydrated zinc stannate particles (ii) having a primary particle diameter of from 2 to 20 nm, preferably from 2 to 
10 nm. The liquid medium may, for example, be an aqueous medium or a hydrophilic organic solvent such as methanol 
ethanol or isopropanol. 

The particles (ii) of the hydrated zinc stannate to be used in the second aspect of the present invention can be pre- 
pared by the processes disclosed in the first aspect of the present invention. 

The particles (ii) of the hydrated zinc stannate having a primary particle diameter of from 2 to 200 nm obtained by 
the above processes, are preferably used within a range of the primary particle diameter being from 2 to 20 nm in the 
second aspect of the present invention. 

The particles of a modified metal oxide having a primary particle diameter of from 4.5 to 100 nm according to the 
second aspect of the present invention, can be obtained by mixing 1 00 parts by weight of particles (i) made of an oxide 
of a metal having a valence of 3, 4 or 5. with 2 to 100 parts by weight of particles (ii) of a hydrated zinc stannate repre- 
sented by the formula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00 Such mixing 
is carried out by mixing a sol having dispersed in a liquid medium particles (i) of an oxide of a metal having a valence 
of 3, 4 and 5, with a sol having dispersed in a liquid medium particles (ii) of a hydrated zinc stannate represented by the 
formula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00, whereby it is possible to 
obtain a stable sol of a modified metal oxide having the surface of the particles (0 coated with the particles (ii) In the 
second aspect of the present invention, the modified metal oxide particles comprising particles (i) of an oxide of a metal 
having a valence of 3, 4 or 5. as nuclei, and particles (ii) of a hydrated zinc stannate coated on the surface of the nuclei 
has a nature of a hydrated zinc stannate. 

In the above mixing, the sol of particles (i) can be used at a concentration of from 0.5 to 50 wt%, and the sol of par- 
ticles (iQ can be used at a concentration of from 0.5 to 40 wt%. It is preferred to mix the sol of particles (0 and the sol of 
particles (n) at a temperature of from 0 to 100*C. preferably from 20 to 60°C, for from 0.05 to 3 hours, preferably from 
30 to 60 minutes. In such mixing, the particle diameter of particles (ii) is preferably equal to or smaller than the particle 
diameter of particles (i). The sol of a modified metal oxide particles according to the second aspect of the present inven- 
tion, thus obtained by such mixing, has a solid content at a concentration of from 2 to 50 wt%, preferably from 10 to 40 
wt%. Further, the excess electrolyte can be reduced by e.g. a ultrafiltration method or an ion exchange method as a 
case requires. 

When it is desired to increase the concentration, the sol of modified metal oxide particles thus obtained can be 
concentrated to the maximum of 50 wt% by a conventional method such as distillation or ultrafiltration. 

In the second aspect of the present invention, by carrying out the reaction for forming particles (ii) of a hydrated zinc 
stannate in the presence of a sol of particles (i) of an oxide of a metal having a valence of 3, 4 or 5, it is possible to 
obtain a sol of modified metal oxide particles of the present invention, wherein the surface of particles (i) as nuclei is 
coated with particles (ii). ' 

The particles of the modified metal oxide in the sol obtained according to the second aspect of the present inven- 
tion, have a primary particle diameter of from 4.5 to 100 nm, as observed by an electron microscope. The sol of the 
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«■ . articles has a dH of from 3 to 1 2. To adjust the pH within this range, it is preferred to adjust the 

:^™- S le partc.es thus obtained is an aqueous so., the aqueous mediunv may be 
mJSS* SluSdESHfceSrto solvent bVa distillation method or an ultrafiltration method Such a hydroph.hc 
oS fSStt nS? SSSii. be a lower alcohol sue* as methanol, ethano. or isopropanol. a ..near anjde such as 
dStornSm^e or N.N'-Zethylacetamide. a cydic amide such as N-methy.-2-pyrrol,done. a glycol ether such as 

of a metal having a valence of 3. 4 or 5. having its surfaced and modified 
hv JLidri oTrtcles d a hydrated zinc stannate. are excellent in water resistance, since the.r dried product w.11 not be 
%SZ i^ SSher, the hydrated zinc stannate particles are excellent in light res.stance. and a coat- 

^A^J^-ESn, but a stable sol mMur. comprising ma so, o. «*** p»tt*a o, ft. lytaMd z,nc 

of the oxide of a metal hav,ng a valence of 3. *° r ^*^™"™**"™ „ js |ower ^an 3> hydrated zinc stannate 
oxide likewise tends to be easily dissolved in a liquid, such being undesirable. ^.^^n 

of the present invention: 
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(R^R^bSKORVca+b) (|) 



t ? 1^ drf,erent ,ntegers 1116 or 9 anic si,icon compound of the formula (I) for component (A) 

mdudes for example, tetramethoxysilane, tetraethoxysilane. tetra n-propoxysilane, tetraisopr^Tane^e^a n 

S„l f^'' 3 " 6 ' methyttriamyloxysilane. methyttriphenoxysilane. ^hylirib^^J^^Z. 
nphenetytoxy^ane. glyodoxymethyftrimethoxysibne, glyckJoxymethyttn^hoxysilane a^y^ethX^S- 
srlane «-glyc,doxyethyltnethoxysilane. p-glycidoxyethyltrimethoxysilane, P^lycidoxyetrUriettoxyXnT <xTv2do™ 
S r,met T X S ane • ^'^^y^hoxysilane. P-glyddoxyprc^ylWmUo^^ ^ p^S^r^eZ- 
^^doxypropyltrimethoxysilane. rglycidoxypropylfriethoxysilane. Y^cidoxypropy^^^^^^ 

25?! £ 7* ^'^^"^'ethoxysilane. Y-glycidoxybutyltrimethoxysilane. rglycidoxybutyttriethowSa^T 
odoxybuty1fr.methoxys.lane, 6-glycidoxybutyltriethoxysilane. (3.4-epoWcydoX)me^^ 
e^xycydohexyl)memy.friethoxysilane.p-(3.4-epoxycydohexyOethylfrim^ 

(^ethyltr^xystae, r(3.4-epoxycyclohexyl)propyltrimethoxysilane, Y-(3.4-epoxycyc ohexyl)SS- 
tr.ethoxys.lane. 6-3.4-epoxycyclohexyl)butylfrimethoxysilane. M3AepoWlohexv»b^te^^ 
doxymeth^methyWimethoxysilane. glyddox^^^ 

g ycdoxyethylmethyldiethoxysilane. p-glycidoxyethylmethyldimethoxysilane. IglyddXE^ Z 
^n!TT yl r^ dim ^ 0XySi,ane ' ^'^^opy.methy.die^oxysi.ane" P^CC^ 
S 3 ^.^f ,^ r ^ eth ^ imeth0XySilane ' ^'ycidoxypropytmethyldimethoxysi.Ine. rXwCZfm^rS- 
eftoxyalane. Y^lycrfoxypropylmethyldipropoxysilane, Y^lycidoxypropylmethyldibutoxysilane f^tycwS»Wm2hv 

Z£ 1 , ^^^^ytvinyldiethoxysilane, ethyltrimethoxysilane. ethyltriethoxysilane ^^inySSs la^e 
ropropyltr.methoxysilane, y-chloropropyltriethoxysilane, rchloropropyltriacetoxysilane 3 3 3^S!a^^^S^ 

ST^^r 6, chloromethyltrimethoxysilane. chloromethyttriethoxysilane. N-(Mr^noetrX^^^ 
r,methoxys.lane N-Cp-am.noethyOY-aminopropylmethyldimethoxysilane. Y-amiruDpropylrnethyldim^^^ 

.TeThel^ 

lane phenylmethyfo.methoxys.lane. d.methyldiethoxysilane. phenylmethykfiethoxysilane. rdnloroproovtmethvldimTh 
oxys,lane. Y-chloropropylmethyldiethoxysilane. dimethyWiacetoxysilane/Y-meth^ 

Str^ ^ OXyS - ,ane ' and meth y^ethoxysilane. These organic siLon compound lay be Ts^d 
alone or in combination as a mixture of two or more of them. ^ y De usea 

The hydrolyzates of organic silicon compounds of the formula (0 for component (A) to be used for the eoatino ™m 

^^lo T"* ° f thef0rmUla(,)S0 ** a P art °< a » <* R 2 * substituted^ hydrogen atoms 8u*K£ 
SET^ COmp ° U ? ds of formu,a O ™V °e used alone or in combination as a nature* t£or 
2? hydr °^ S .' S 18 camed out by addi "9 an aqueous acidic solution such as an aqueous hydrochloric^cS 
.ohm an aqueous sulfunc ac« solution or an m^ MM9 ^ te ^^J^J^^^ 



by stirring 

The organic silicon compound of the formula (10: 



[(R 4 ) c Si(OX) 3 . c ] 2 Y (||) 

for component (A) to be used for the coating compositions according to the third and fourth aspects of the oresent 
SfiSh^Sr' ^ JZS* ^"^ismemyldimethoxysilane 9 ethylenebisethyto^^ 

The hydrolyzates of organic silicon compounds of the formula (II) for component (A) to be used for the coatino onm 

ZTZ*™? * t0 the *** and fourth aspecte <* the resent inventionTe coJKSS oSned by 
he organic siteon compounds of the formula (II) so that a part or all of X is substituted hydrogen atoms SuchKm 

nSe^fiem T^"?" * <"> "*» be USed a, <™ or in SSbESE. tZSXt To or 

22£ a ^ df( i yS . ,S 18 camed OUt by addin9 an a ^ eous acidic ^h as an aqueous hydrochlorteacS 

ssssr c acw solution or an aqueous acetic add so,ut, ° n to the ° r9anic ^ «s 

Component (A) to be used for the coating compositions according to the third and fourth aspects of the present 
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invention, is at least one silicon-containing substance selected from the group consisting of organic silicon compounds 
of the formulas (I) and (II) and their hydrolyzates. 

Component (A) to be used for the coating compositions according to the third and fourth aspects of the present 
invention is preferably at least one silicon-containing substance selected from the group consisting of organic s.licon 
compounds of the formula (I) and their hydrolyzates. Particularly preferred are organic silicon compounds of the formula 
(I) wherein either one of R 1 and R 3 is an organic group having an epoxy group R z is an alkyl group, and each of a and 
b is 0 or 1, provided that a+b is 1 or 2. and their hydrolyzates. 

Examples of such preferred organic silicon compounds include glycidoxymethyHrimethoxysilane. glycidoxymethyl- 
triethoxysilane, a-glyddoxyethyttrimethoxysilane. a-glyddoxyethyltriethoxysilane, p-glycidoxyethyltnmethoxys.lane. p- 
glycidoxyethyltriethoxysilane. a-glycidoxypropyltrimethoxysilane. a-glycidoxypropyltriethoxysilane. p-glyadoxypropyltr.- 
methoxysilane, p-glycidoxypropyltriethoxysilane. Y -glycidoxypropyltrimethoxysilane. Y^lycidoxypropyKriemoxysilane, y- 
glycidoxypropyltripropoxysilane. rglycidoxypropyHributoxysilane. y-glycidoxypropyltophenoxysilane. a-glyadoxybutytt- 
rimethoxysilane. a-glycidoxybutyltriethoxysilane. p-glycidoxybutyttriethoxys.lane. y^lycidoxybu^tnmethoxysi ane r 
glycidoxybutyltriethoxysilane. S^lycidoxybutyttrimethoxysilane. 6-glycidoxybutyltriethoxysilane. glyadoxymethylmethyl- 
dimethoxysilane. glycidoxymethylmethyldiethoxysilane, a-glycdoxyethylmethyldimethoxysilane. a-glycidoxyethylmeth- 
yldiethoxysilane p-glycidoxyelhylmethyldimethoxysilane. p-glycidoxyethylethyldimethoxysilane. a-glycio^ropyl- 
methyldimethoxysilane. a-glycidoxypropylmethyldiethoxysilane. p-glycidoxypropylmethyldimethoxysilane. p-glycidoxy- 
propylethyldimethoxysilane. Y-glycidoxypropylmethyldimethoxysilane. r glycido>cypropylme^ykiiethoxys.lane. rglya- 
doxypropylmethyldipropoxysilane. r glycidoxypropylmethyldibutoxysilane. Y^lycidoxypropylmetrvWiphenoxysilane. y- 
glycidoxypropylethyldimethoxysilane. y-glycidoxypropylethyldiethoxysilane, Y -g|ycidoxypropylvinyld.methoxysilane. and 
v-qlycidoxypropylvinyldiethoxysilane. „_ . , , 

More preferred are r glycidoxypropyltrimethoxysilane. rglycidoxypropylmethyldiethoxysilane and their hydro- 
lyzates and they may be used alone or in combination as a mixture. Further, r glycidoxypropyltrimethoxysilane, rglyc- 
idoxypropylmethyldiethoxysilane or a hydrolyzate thereof may be used in combination with a tetrafunctonal compound 
25 of the formula (I) wherein a+b = 0 . Examples of the tetrafunctional compound includes tetramethoxysilane. tetraethox- 
ysilane. tetraisopropoxysUane. tetra n-propoxysilane, tetra n-butoxysilane, tetra tert-butoxysilane and tetra sec-butox- 

ySI,a Component (B) to be used for the coating composition according to the third aspect of the present invention, is par- 
ticles of a hydrated zinc stannate having a primary particle diameter of from 2 to 200 nm and represented by the formula 

30 xZnO -ySnOg-zHaO wherein the molar ratio of x:y:z is 1:0.83 to 1.43:1 .00 to 5.00. 

The above particles of a hydrated zinc stannate are preferably employed in the form of a sol having particles of the 
hydrated zinc stannate dispersed in a liquid medium. The liquid medium for dispersing the particles of the hydrated zinc 
stannate may, for example, be an aqueous medium or a hydrophilic organic solvent such as methanol, ethanol or iso- 
propanol However, a hydrophilic organic solvent such as methanol, ethanol or isopropanol. is particularly preferred. 

as The particles of the hydrated zinc stannate have a primary particle diameter of from 2 to 200 nm, preferably from 5 to 
100 nm The particles of the hydrated zinc stannate disclosed in the first aspect of the present invention can be used 
for the particles of the hydrated zinc stannate to be used in the third aspect of the present invention. Further, they may 
be prepared by the same method as disclosed in the first aspect of the present invention. 

Component (B 1 ) to be used for the coating composition according to the fourth aspect of the present invention, is 

40 particles of a modified metal oxide which comprise particles (i) made of an oxide of a metal having a valence of 3 4 or 
5 as nuclei, and particles (ii) of a hydrated zinc stannate of the formula xZnO • ySn0 2 • z^O wherein the molar ratio of 
x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00. coated on the surface of the nuclei, and which have a primary particle diameter of 

^"such particles of the modified metal oxide are preferably used in the form of a sol having the particles of the mod- 
45 Hied metal oxide dispersed in a liquid medium. .... . 

Here the primary particle diameter is not a diameter of an agglomerated particle, but a diameter of an individual 
particle when such an agglomerated particle has been dissociated into individual particles. Such a primary partcle 
diameter can be measured by an electron microscope. k . • 

The particles (i) made of an oxide of a metal having a valence of 3, 4 or 5 for the component (B") to be used in the 
fourth aspect of the present invention, have a primary particle diameter of from 4 to 50 nm. preferably from 4 to 30 nm. 
The particles (ii) of a hydrated zinc stannate of the formula xZnO ♦ ySnC- 2 • zH 2 0 wherein the molar ratio of x:y:z is 
1 0 83 to 1 431 00 to 5.00, for component (B 1 ) to be used in the fourth aspect of the present invention, have a primary 
particle diameter of from 2 to 20 nm. preferably from 2 to 1 0 nm. The hydrated zinc stannate constituting the above par- 
ticles is represented by the general formula xZnO • ySn0 2 • zH z O wherein x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.0* and may. 
for example, be present in the form of ZnSn0 3 • zH a O (which may be represented also by ZnO • Sn0 2 • zH 2 0) wherein 
z is from 3.00 to 5.00 which corresponds to the general formula wherein ZnO:Sn0 2 = 1:1 i.e. a fixed ratio, or 
ZnO • (SnO z ) a • zH z O wherein a is from 0.83 to 1 .43. and z is from 1 .00 to 5.00, which conesponds to the general for- 
mula wherein ZnO:Sn0 2 = 1 .0.83 to 1 .43 i.e. a non-fixed ratio. 

The above particles (ii) of the hydrated zinc stannate are preferably used in the form of a sol having dispersed in a 
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liquid medium the hydrated zinc stannate particles (ii) having a primary particle diameter of from 2 to 20 nm. preferably 
from 2 to 10 nm. Such a liquid medium may. for example, be an aqueous medium, or a hydrophilic organic solvent such 
as methanol, ethanol or isopropanol. 

The modified metal oxide particles disclosed in the second aspect of the present invention may be used for the 
modified metal oxide particles for component (B') to be used in the fourth aspect of the present invention, and they may 
be prepared in the same method as disclosed in the second aspect of the present invention. 

The coating compositions according to the third and fourth aspects of the present invention, may contain, as com- 
ponent (C). at least one metal compound selected from the group consisting of metal salts, metal alkoxides and metal 
chelates, as a curing catalyst. By incorporation of such component (C). the curing reaction may be accelerated when 
the coating composition according to the third or fourth aspect of the present invention is coated and cured on the sur- 
face of an optical element, whereby a sufficiently cured f im can be obtained in a short period of time. 

Such component (C) may. for example, be an alkali metal salt, an alkaline earth metal salt or a polyvalent metal salt 
of e.g. an organic carboxylic acid, chromic acid, hypochlorous acid, boric acid, perchloric acid, brorrtc acid celenious 
acid, thiosuffunc acid, orthosilicic acid, thiocyanic acid, nitrous acid, aluminic acid or carbonic acid, or an alkoxide or 
chelate of a metal such as aluminum, zirconium or titanium. Particularly prefened as component (C) is a metal chelate 
compound. The metal chelate compound may. for example, be an acetylacetonate complex such as aluminum acety- 
lacetonate. An anion having one proton dissociated from a CH 2 group of acetylacetone CH 3 COCH 2 COCH 3 is an 
acetylacetonate ligand (abbreviated as acac). and the aluminum acetylacetonate has a structure of A*(acac) 3 

Further, as such component (C), amines such as allylamine and ethylamine. or various acids and bases includina 
20 Lewis acids and Lewis bases, may also be employed. 

The coating compositions according to the third and fourth aspects of the present invention may contain fine par- 
ticulate metal oxides to adjust the refractive indices to various optical elements such as lenses. Such fine particulate 
metal oxides include, for example, aluminum oxide, titanium oxide, antimony oxide, zirconium oxide, silicon oxide and 
cerium oxide. 

Further, the coating compositions according to the third and fourth aspects of the present invention may contain 
various surfactants to improve the wettability when they are coated on the surface of optical elements, or to improve the 
flatness of the films obtained by curing. Further, an ultraviolet absoiber. an antioxidant or the like may also be incorpo- 
rated so long as such an additive will not adversely affect the physical properties of the film. 

The coating composition according to the third or fourth aspect of the present invention may comprise 100 parts by 
weight of the silicon-containing substance of component (A) and from 1 to 500 parte by weight, preferably from 100 to 
300 parts by weight, of the hydrated zinc stannate colloidal particles of component (B) or the modified metal oxide par- 
ticles of component (B 1 ). If the hydrated zinc stannate colloidal particles of component (B) or the modified metal oxide 
particles of component (B 1 ) are less than 1 part by weight, the refractive index of the resulting film tends to be low 
whereby the range tor application to base materials will be very limited. On the other hand, if they exceed 500 parte by 
weight cracks are likely to form between the cured film and the base material, and the possibility of lowering the trans- 
parency increases, such being undesirable. 

In the third or fourth aspect of the present invention, an optical element will be obtained which has on its surface a 
cured film made of the above coating composition. As a method for forming the cured film made of the above coating 
composition on an optical element, a method may be mentioned in which the above coating composition is coated on 
the optical element, followed by curing. As a coating means, a conventional method such as a dipping method a spin 
coating method or a spray coating method, may be employed. However, a dipping method or a spin coating method is 
particularly preferred from the viewpoint of the surface smoothness of the film thereby obtained. 

Further, adhesion between the optical element and the cured film may be improved by applying chemical treatment 
by means of an acid, an alkali or various organic solvents, physical treatment by means of ultraviolet rays washing 
treatment by means of various washing agents or primer treatment by means of various resins, prior to coating the 
above coating composition to the optical element. 

The coating composition according to the third or fourth aspect of the present invention can be formed into a cured 
Mm by coating it on an optical element, followed by curing. Curing of the above coating composition may be carried out 
by hot air drying or mediation with active energy rays. When hot air drying is employed, curing is preferably conducted 
in a hot air of from 70 to 200«C. more preferably from 90 to 150°C. As the active energy rays, far infrared rays may be 
used, whereby damage due to heat can be suppressed to a low level. 

In the third or fourth aspect of the present invention, an optical element can be obtained which has on its surface a 
laminated film comprising a cured film made of the above coating composition and an antireflection film 

The antireflection film may be formed on the cured film made of the above coating composition. This antireflection 
film is preferably a multilayer film, which may be prepared by alternately laminating a low refractive indexfilm and a high 
refractive index film. The high refractive index film to be used for this antireflection film may, for example, be a zirconium 
oxide vapor deposition film or a mixed vapor deposition film of metal oxides having tantalum oxide and yttrium oxide 
incorporated to zirconium oxide. The low refractive index film to be used for this antireflection film may, for example be 
a vapor deposition film of silica. Such a zirconium oxide vapor deposition film or a mixed vapor deposition film of metal 
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oxides having tantalum oxide and yttrium oxide incorporated to zirconium oxide, may be formed in such a manner that 
a zirconium oxide powder alone, or a zirconium oxide powder having a tantalum oxide powder and an yttrium oxide 
powder mixed thereto, is formed into a pellet by e.g. pressing by a press or sintering, and the pellet is vapor-deposited 
by an electron beam heating method on the film made of the above coating composition, to form an antireflection film. 
5 Further, the cured film made of the coating composition according to the third or fourth aspect of the present inven- 

tion has a high refractive index and thus is useful by itself as an antireflection film. Furthermore, by incorporating a func- 
tional component for e.g. antifogging. photochromic or stain proofing, it may also be used as a multifunctional film. 

The optical element to be used in the third and fourth aspects of the present invention is preferably a transparent 
plastic molded product. Such a transparent plastic may, for example, be lenses for eyeglasses, lenses for cameras, win- 
to dow glasses for automobiles or optical filters for liquid crystal display or plasma display devices. 

The coating composition of the present invention comprises at least one silicon-containing substance selected from 
the group consisting of the organic silicon compounds of the formulas (I) and (II) and their hydrolyzates, as component 
(A), and particles of the hydrated zinc stannate. as component (B), or particles of the modified metal oxide, as compo- 
nent (B f ). The coating composition of the present invention can be prepared by hydrolyzing the organic silicon com- 
pound of component (A) with an aqueous acidic solution and mixing it with an organo sol of the hydrated zinc stannate 
of component (B). or with an organo sol of the modified metal oxide of component (B*). Such an organo sol is preferably 
a sol having particles of the hydrated zinc stannate or particles of the modified metal oxide dispersed in a methanol sol- 
vent. 

The above coating composition is coated on an optical element followed by curing, to obtain an optical element 
with a coating having a high transparency and good appearance, which is excellent in scratch resistance, surface hard- 
ness, abrasion resistance, transparency, heat resistance, light resistance and weather resistance, particularly in water 
resistance, and yet is free from interference fringes even when coated on an element having a high refractive index of 
at least 1.54. 
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In the accompanying drawing: 



Figure 1 is a transmission electron microscopic photograph showing the structure of particles of the hydrated zinc 
stannate sol prepared in Preparation Example 2, with 200.000 magnifications. 

Figure 2 is an X-ray diffraction pattern of the powder obtained by drying the hydrated zinc stannate sol prepared in 
Preparation Example 2, at a temperature of 1 10°C. 
30 Figure 3 is a differential thermal analysis of the powder obtained by drying the hydrated zinc stannate sol prepared 
in Preparation Example 2, at a temperature of 1 10°C. 

Figure 4 is a transmission electron microscopic photograph showing the structure of particles of the hydrated zinc 
stannate sol prepared in Preparation Example 7, with 200,000 magnifications. 

Figure 5 is a X-ray diffraction pattern of the powder obtained by drying the hydrated zinc stannate sol prepared in 
35 Preparation Example 7, at a temperature of 1 1 0°C. 

Figure 6 is a differential thermal analysis of the powder obtained by drying the hydrated zinc stannate sol prepared 
in Preparation Example 7, at a temperature of 1 10°C. 

Figure 7 is a transmission electron microscopic photograph showing the structure of particles of the hydrated zinc 
stannate sol prepared in Comparative Preparation Example 1 , with 200,000 magnifications. 

40 Figure 8 is a transmission electron microscopic photograph showing the structure of particles of the hydrated zinc 
stannate sol prepared in Comparative Preparation Example 2, with 200,000 magnifications. 
Figure 9 is a transmission electron microscopic photograph showing the structure of particles of the modified stan- 
nic oxide methanol sol prepared in Preparation Example 11. with 200.000 magnifications. 
Figure 10 is a transmission electron microscopic photograph showing the structure of particles of the modified stan- 

45 nic oxide methanol sol prepared in Preparation Example 13, with 200.000 magnifications. 

Figure 1 1 is a transmission electron microscopic photograph showing the structure of particles of the modified zir- 
conium oxide methanol sol prepared in Preparation Example 14, with 200,000 magnifications. 

Now, the present invention will be described in further detail with reference to Exanples. However, it should be 
so understood that the present invention is by no means restricted to such specific Examples. 

PREPARATION EXAMPLE 1 

146.8 g of sodium stannate (Na 2 Sn0 3 • 3H 2 0, manufactured by Showa Kako K.K., containing 55 wt% as SnO?) 
55 was dissolved in 2.391 .8 g of water to obtain an aqueous sodium stannate solution (containing 3.3 wt% as SnOa). and 
51 .4 g of sodium gluconate was added thereto to obtain 2,500 g of an aqueous solution of sodium stannate/sodium glu- 
conate mixture. Separately, 63.5 g of zinc chloride (ZnC*>) was dissolved in 1 ,686.5 g of water to obtain an aqueous 
zinc chloride solution, and 750 g of an aqueous hydrogen peroxide solution having a concentration of 35 wt% was 
added thereto to obtain 2,500 g of an aqueous solution of zinc chloride/hydrogen peroxide mixture. 
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Step (a): By means of a quantitative pump, the aqueous solution of zinc chloride/hydrogen peroxide mixture pre- 
pared as described above, was added and reacted to the aqueous solution of sodium stannate/sodium gluconate 
-mixture over a period of about one hour to obtain a hydrated zinc stannate colloidal solution. This hydrated zinc 
stannate colloidal solution had a pH of 8.5. a hydroxycarboxylic acid/Sn0 2 molar ratio of 0.44, a H 2 0 2 content of 
5.25 wt%, a ZnO/Sn0 2 molar ratio of 0.87 and a concentration of 2.4 wt% as calculated as ZnO+Sn0 2 . 
Step (b): 200 g of 5 wt% hydrochloric acid was added to the hydrated zinc stannate colloidal solution obtained in 
step (a) to adjust the pH to about 6 and then heated at 90°C for 5 hours for aging. After cooling. 25.3 g of isopro- 
pylamine was added thereto, and the mixture was subjected to stirring by a disper for 8 hours for peptization to 
obtain 5.225.3 g of a hydrated zinc stannate colloidal solution. This colloidal solution had a pH of 9.32, an electrical 
conductivity of 24.2 ms/cm and a concentration of 2.3 wt% as calculated as ZnO+Sn0 2 . 

Step (c): An excess electrolyte in the hydrated zinc stannate colloidal solution obtained in step (b) was removed by 
washing with water by an ultrafiltration method using 36 / of water, to obtain 2,572 g of a hydrated zinc stannate 
sol. Hydrated zinc stannate particles in this sol had a primary particle diameter of 5 nm as observed by a transmis- 
sion electron microscope and a ZnO/Sn0 2 molar ratio of 0.70. Further, in the formula xZnO • ySn0 2 • zHsO. x:y:z 
was 1:1 .43:3.90. 50 m£ of a cation exchange resin (Amberlite IR-120B. used in a hydrogen form) was added to this 
sol, followed by stirring, to further remove cations. The cation exchange resin was separated therefrom to obtain 
2.937 g of a sol. The obtained sol had a pH of 7.44 and an electrical conductivity of 172 ps/cm. 
Step (d): 0.5 g of isopropylamine was added to the sol obtained in step (c), followed by concentration under reduced 
pressure by means of a rotary evaporator to obtain 1 ,009 g of a concentrated sol. The obtained sol had a pH of 
8.00. an electrical conductivity of 403 us/cm and a concentration of 1 1 .2 wt% as calculated as ZnO+Sn0 2 . and the 
yield was 95%. This sol was dried at 1 10°C, and the refractive index of the dried product was 1 .70, and from the X- 
ray diffraction analysis, the product was found to be an amorphous hydrated zinc stannate. 
Step (e): 8.3 g of diisobutylamine and 5.1 g of citric acid were added to the sol obtained in step (d) with stirring, to 
obtain an adjusted sol. Then, the adjusted sol was introduced into a rotary evaporator, and while gradually adding 
21 £ of methanol, water in the sol was distilled off under reduced pressure, to obtain 495.6 g of a hydrated zinc stan- 
nate methanol sol. The obtained sol had a specific gravity of 0.960, a viscosity of 21.0 mPa • s. a pH (1+1) of 8.60, 
an electrical conductivity (1+1) of 446.5 jis/cm, a concentration of 22.8 wt% as calculated as ZnO+Sn0 2 and a 
water content of 0.86 wt%. Hydrated zinc stannate particles in this sol had a primary particle diameter of 5 nm as 
observed by a transmission electron microscope and a ZnO/Sn0 2 molar ratio of 0.70. Further, in the formula 
xZnO • ySn0 2 • zH 2 0. x:y:z was 1 : 1 .43:3.90. 

PREPARATION EXAMPLE 2 

147.0 g of sodium stannate (Na 2 Sn0 3 • 3H 2 O f manufactured by Showa Kako K.K., containing 55 wt% as Sn0 2 ) 
was dissolved in 1 ,945.7 g of water to obtain an aqueous sodium stannate solution (containing 3.3 wt% as SnOg), and 
63.0 g of an aqueous gluconic acid solution (manufactured by Fujisawa Pharmaceutical Co., Ltd., content: 50 wt%) was 
added thereto to obtain 2,155.7 g of an aqueous solution of sodium stannate/gluconic acid mixture. Separately, 65.9 g 
of zinc chloride (ZnC* 2 ) was dissolved in 1 ,302.8 g of water to obtain an aqueous zinc chloride solution, and 750 g of a 
35 wt% hydrogen peroxide aqueous solution was added thereto to obtain 2,1 18.7 g of an aqueous solution of zinc chlo- 
ride/hydrogen peroxide mixture. 

Step (a): By means of a quantitative pump, the aqueous solution of zinc chloride/hydrogen peroxide mixture pre- 
pared as described above, was added and reacted to the aqueous solution of sodium stannate/gluconic acid mix- 
ture over a period of about one hour, with stirring by a disper, to obtain a hydrated zinc stannate colloidal solution. 
This hydrated zinc stannate colloidal solution had a pH of 6.8, a hydroxycarboxylic add/Sn0 2 molar ratio of 0.30, a 
H 2 0 2 content of 6.13 wt%, a ZnO/SnO a molar ratio of 0.90 and a concentration of 2.8 wt% as calculated as 
ZnO+Sn0 2 . 

Step (b): The hydrated zinc stannate colloidal solution obtained in step (a) was heated at 92°C for 5 hours for aging. 
After cooling, 25.0 g of isopropylamine was added thereto, and the mixture was stirred for 8 hours by a disper to 
obtain 4,306.9 g of a hydrated zinc stannate colloidal solution. This colloidal solution had a pH of 9.28, an electrical 
conductivity of 24.7 ms/cm and a concentration of 2.78 wt% as calculated as ZnO+Sn0 2 . 
Step (c): An excess electrolyte in the hydrated zinc stannate colloidal solution obtained in step (b) was removed by 
washing with water by an ultrafiltration method using 30 £ of water, to obtain 2,792 g of a hydrated zinc stannate 
sol. This sol had a pH of 10.42 and an electrical conductivity of 377 fis/cm. Particles of the hydrated zinc stannate 
in this sol had a primary particle diameter of 5 nm as observed by a transmission electron microscope. The trans- 
mission electron microscopic photograph is shown in Figure 1. Further, the ZnO/Sn0 2 molar ratio was 0.85. From 
the results of the thermogravimetric analysis (TG) in Figure 3, the weight reduction at a temperature of 322°C was 
15.18%. and in the formula xZnO • ySn0 2 • zH 2 0, x:y:z was 1:1.18:3.40. This sol was passed through a column 
packed with an anion exchange resin (Amberlite IRA-410, used in a hydroxy! group form) to further remove anions. 
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This so! had a pH of 11 .05 and an electrical conductivity of 289 jis/cm. Further, 100 mf of a cation exchange resin 
(Amberlite IR-120B, used in a hydrogen form) was added thereto, followed by stirring to remove cations. The cation 
exchange resin was separated therefrom to obtain 4,077 g of a sol. The obtained sol had a pH of 7.98 and an elec- 
trical conductivity of 98.6 u£/cm. 

Step (d): The sol obtained in step (c) was concentrated by an ultrafiltration apparatus at a liquid temperature of 
30°C to obtain 930 g of a concentrated sol. The obtained sol had a pH of 7.83, an electrical conductivity of 213 
|xs/cm and a concentration of 1 1 .8 wt% as calculated as ZnO+Sn0 2 , and the yield was 91 .5%. This product was 
dried at 110°C, and from the X-ray diffraction analysis, the dried product was substantially amorphous hydrated 
zinc stannate. The results of the X-ray diffraction analysis are shown in Figure 2. 

Step (e): 1.52 g of tartaric acid and 2.28 g of diisobutylamine were added to 312 g of the sol obtained in step (d) 
with stirring, to obtain an adjusted sot. Then, the adjusted sol was introduced into a rotary evaporator, and while 
gradually adding 13 / of methanol, water in the sol was distilled off under reduced pressure, to obtain 232 g of a 
hydrated zinc stannate methanol sol. The obtained sol had a specific gravity of 0.930, a viscosity of 28.1 mPa • s, 
a pH (1+1) of 8.18. an electrical conductivity (1+1) of 200 us/cm, a concentration of 18.8 wt% as calculated as 
2nO+Sn0 2 and a water content of 0.77 wt%. Particles of the hydrated zinc stannate in this sol had a primary par- 
ticle size of 5 nm as observed by a transmission electron microscope and a Zn0/SnO 2 molar ratio of 0.85. Further, 
in the formula xZnO • ySn0 2 • zH s O, x:y:z was 1 :1 .1 8:3.40. 

PREPARATION EXAMPLE 3 

200.4 g of potassium stannate (K 2 Sn0 3 • 3H 2 0. manufactured by Showa Kako K.K., containing 50.4 wt% as Sn0 2 ) 
was dissolved in 4,849.6 g of water to obtain an aqueous potassium stannate solution (containing 2.0 wt% as Sn0 2 ). 
Then, 104.9 g of an aqueous gluconic acid solution (manufactured by Fujisawa Pharmaceutical Co., Ltd., content: 50 
wt%) was added thereto to obtain 5,154.9 g of an aqueous solution of potassium stannate/gluconic acid mixture. Sep- 
arately, 91 .4 g of zinc chloride (ZnCi ^ was dissolved in 3,403.9 g of water to obtain an aqueous zinc chloride solution, 
and 989.2 g of a 35 wt% hydrogen peroxide aqueous solution was added thereto to obtain 4,484.5 g of an aqueous 
solution of zinc chloride/hydrogen peroxide mixture. 

Step (a): By means of a quantitative pump, the aqueous solution of zinc chloride/hydrogen peroxide mixture pre- 
pared as described above, was added and reacted to the aqueous solution of potassium stannate/gluconic acid 
mixture over a period of about one hour with stirring by a disper, to obtain 9,639.4 g of a hydrated zinc stannate 
colloidal solution. This hydrated zinc stannate colloidal solution had a pH of 7.0. a gluconic acid/Sn0 2 molar ratio 
of 0.40, a H 2 0 2 content of 3.59 wt%, a ZnO/Sn0 2 molar ratio of 1 .00 and a concentration of 1 .62 wt% as calculated 
as ZnO+Sn0 2 . 

Step (b): The hydrated zinc stannate colloidal solution obtained in step (a) was heated at 90°C for 5 hours for aging. 
After cooling, 25.0 g of isopropylamine was added thereto, and the mixture was stirred for 1 1 hours by a disper to 
obtain 9,664.4 g of a hydrated zinc stannate colloidal solution. This colloidal solution had a pH of 9.45, an electrical 
conductivity of 19.0 ms/cm and a concentration of 1.61 wt% as calculated as ZnO+Sn0 2 . 

Step (c): An excess electrolyte in the hydrated zinc stannate colloidal solution obtained in step (b) was removed by 
washing with water by an ultrafiltration method using 32 l of water, to obtain 2.990 g of a hydrated zinc stannate 
sol. Particles of the hydrated zinc stannate in this sol had a primary particle diameter of 5 nm as observed by a 
transmission electron microscope, and the ZnO/Sn0 2 molar ratio was 1.02. Further, in the formula 
xZnO * ySn0 2 • zH 2 0, x:y:z was 1:0.98:3.80. This sol was passed through a column packed with an anion 
exchange resin (Amberlite 1RA-410, used in a hydroxy! group form) to further remove anions. This sol had a pH of 
1 0.23 and an electrical conductivity of 474 ils/citi. Then, 70 mi of a cation exchange resin (Amberlite I R-1 20B, used 
in a hydrogen form) was added thereto, followed by stirring to remove cations. The cation exchange resin was sep- 
arated therefrom to obtain 3,151 g of a sol. The obtained sol had a pH of 7.87 and an electrical conductivity of 1 73 
M^/cm. 

Step (d): 5.6 g of citric acid and 8.5 g of diisopropylamine were added to the sol obtained in step (c), followed by 
concentration under reduced pressure by means of a rotary evaporator, to obtain 1 ,096 g of a concentrated sol. The 
obtained sol had a concentration of 13.2 wt% as calculated as ZnO+Sn0 2 . This sol was dried at 1 10°C, and the 
refractive index of the dried product was 1.70, and in the X-ray diffraction analysis, a small peak of a crystalline 
hydrated zinc stannate was observed, but the majority was an amorphous hydrated zinc stannate. 
Step (e): The sol obtained in step (d) was introduced into a rotary evaporator, and while gradually adding 63 £ of 
methanol, water in the sol was distilled under reduced pressure to obtain 641 .6 g of a hydrated zinc stannate meth- 
anol sol. The obtained sol had a specific gravity of 0.960, a viscosity of 21 .0 mPa • s, a pH (1+1) of 8.60, an electri- 
cal conductivity (1+1) of 446.5 (is/cm, a concentration of 22.6 wt% as calculated as ZnO+Sn0 2 , and a water 
content of 0.80 wt%. Particles of the hydrated zinc stannate in this sol had a primary particle diameter of 5 nm as 
observed by a transmission electron microscope, and a ZnO/Sn0 2 molar ratio of 1 .02. Further, in the formula 
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xZnO • ySn0 2 • zH 2 O f x:y:z was 1 :0.98:3.80. 

PREPARATION EXAMPLE 4 

183.6 g of sodium stannate (Na 2 Sn0 3 -3H 2 0, manufactured by Showa Kako K.K., containing 55 wt% as Sn0 2 ) 
was dissolved in 4,960.9 of water to obtain an aqueous sodium stannate solution (containing 3.3 wt% as SnO^, and 
10.0 g of tartaric acid was added thereto to obtain 5,154.5 g of an aqueous solution of sodium stannate/tartaric acid 
mixture. Separately. 91.2 g of zinc chloride (ZnC* 2 ) was dissolved in 3,31 1 .7 g of water to obtain an aqueous zinc chlo- 
ride solution, and 989.2 g of a 35 wt% hydrogen peroxide aqueous solution was added thereto to obtain 4,392. 1 g of an 
aqueous solution of zinc chloride/hydrogen peroxide mixture. 

Step (a): By means of a quantitative pump, the aqueous solution of zinc chloride/hydrogen peroxide mixture pre- 
pared as described above, was added and reacted to the aqueous solution of sodium stannate/tartaric acid mixture 
over a period of about one hour with stirring by a disper, to obtain 9,546.6 g of a hydrated zinc stannate colloidal 
solution. This hydrated zinc stannate colloidal solution had a pH of 8.0. a tartaric ac»d/Sn0 2 molar ratio of 0.10. a 
H 2 0 2 content of 3.59 wt%, a ZnO/Sn0 2 molar ratio of 1.0 and a concentration of 1.63 wt% as calculated as 
ZnO+Sn0 2 . 

Step (b): The hydrated zinc stannate colloidal solution obtained in step (a) was heated at 90°C for 4 hours for aging. 
After cooling, 20.0 g of isopropylamine was added thereto, and the mixture was stirred for 10 hours by a disper to 
obtain 9,566.6 g of a hydrated zinc stannate colloidal solution. This colloidal solution had a pH of 9.86, an electrical 
conductivity of 14.6 ms/cm and a concentration of 1 .62 wt% as calculated as ZnO+Sn0 2 . 
Step (c): An excess electrolyte in the hydrated zinc stannate colloidal solution obtained in step (b) was removed by 
washing with water by an ultrafiltration method using 30 £ of water, to obtain 2,873 g of a hydrated zinc stannate 
sol. This sol had a pH of 10.28 and an electrical conductivity of 368 fis/cm. Particles of the hydrated zinc stannate 
in this sol had a primary particle diameter of 5 nm as observed by a transmission electron microscope, and the 
ZnO/Sn0 2 molar ratio was 0.98. Further, in the formula xZnO • ySn0 2 • zH 2 O t x:y:z was 1 :1 .02:3.40. This sol was 
passed through a column packed with an anion exchange resin (Amberlite IRA-410, used in a hydroxyl group form) 
to further remove anions. This sol had a pH of 10.86 and an electrical conductivity of 260 ^is/cm. Further, 70 ml of 
a cation exchange resin (Amberlite IR-120B, used in a hydrogen form) was added thereto, followed by stirring to 
remove cations. The cation exchange resin was separated therefrom to obtain 4,058 g of a sol. The obtained sol 
had a pH of 7.43 and an electrical conductivity of 23.2 iLs/cm. 

Step (d): 6.0 g of tartaric acid and 9.0 g of diisobutylamine were added to the so! obtained in step (c) with stirring, 
followed by concentration under reduced pressure by means of a rotary evaporator, to obtain 1 ,214 g of a concen- 
trated sol. 

The obtained sol had a specific gravity of 1 .1 70, a viscosity of 28.1 mPa • s, a pH of 7.84, an electrical conductivity 
of 3,200 HS/cm and a concentration of 1 1 .8 wt% as calculated as ZnO+Sn0 2 . This sol was dried at 1 10°C, and the 
refractive index of the dried product was 1 .72, and in the X-ray diffraction analysis, the product was found to be amor- 
phous hydrated zinc stannate. Particles of the hydrated zinc stannate in this sol had a primary particle diameter of from 
7 to 1 5 nm as observed by a transmission electron microscope, and the ZnO/Sn0 2 molar ratio was 0.98. Further, in the 
formula xZnO • ySn0 2 • zH 2 0. x:y:z was 1 :1 .02:3.40. 

PREPARATION EXAMPLE 5 

1 ,422.8 g of sodium hydroxide was dissolved in 2,188.4 g of water, and 368.8 g of zinc oxide was added and dis- 
solved therein to obtain 4,004.2 g of an aqueous sodium zincate solution. This solution contained 9.21 wt% of ZnO and 
25.61 wt% of Na 2 0, wherein the Na 2 0/ZnO molar ratio was 3.65. Then, 500.6 g of the above aqueous sodium zincate 
solution and 163.3 g of sodium stannate (Na 2 Sn0 3 • 3H 2 0, manufactured by Showa Kako K.K., containing 55 wt% as 
SnO^ were dissolved in 3.842.5 g of water to obtain an aqueous solution of sodium zincate/sodium stannate mixture 
(containing 1.02 wt% as ZnO, containing 1.99 wt% as Sn0 2 , ZnO/Sn0 2 molar ratio: 0.95). and 93.6 g of an aqueous 
gluconic acid solution (manufactured by Fujisawa Pharmaceutical Co., Ltd., content: 50 wt%) was added thereto to 
obtain 4,600 g of an aqueous solution of sodium zincate/sodium stannate/gluconic acid mixture. Separately, 555.8 g of 
35 wt% hydrochloric acid was dissolved in 3,203.2 g of water, and 441.0 g of a 35 wt% hydrogen peroxide aqueous 
solution was added thereto to obtain 4,200 g of an aqueous solution of hydrochloric acid/hydrogen peroxide mixture. 

Step (a'): By means of a quantitative pump, the aqueous solution of hydrochloric acid/hydrogen peroxide mixture 
prepared as described above was added and reacted to the aqueous solution of sodium zincate/sodium stan- 
nate/gluconic acid mixture over a period of about one hour with stirring by a disper, to obtain a slurry of agglomer- 
ates of hydrated zinc stannate colloidal particles. This slurry had a gluconic acid/Sn0 2 molar ratio of 0.40, a pH of 
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6 7a H 2 O z content of 1.75 wt% and a ZnO/Sn0 2 molar ratio of 0.95. 

Steo (bT 252 g of 5 wt% hydrochloric acid was added to the slurry of agglomerates of hydrated zinc stannate col- 
loidal particles, obtained in step (a ) to adjust the pH to 5.00 and then heated at 90'C for 4 hours for aging. The 
obtained slurry had a pH of 5.80. an electrical conductivity of 54 ms/cm and a concentration of 1 .55 wt% as calcu- 

St£ (c^An excess electrolyte in the slurry of the hydrated zinc stannate colloidal particles, obtained in step (b) 
was removed by washing with water by an ultraf iltration method using 24 1 of water, to obtain 1 .000 g of a slurry of 
hydrated zinc stannate agglomerates. Then. 3.0 g of isopropylamine was added to this slurry to adjust the pH to 
8 60 The electrical conductivity of this slurry was 620 |is/cm. 

Step Idy 1 200 g of glass beads (1 .0 to 1 .2 mm in diameter) were added to the slurry of agglomerates of hydrated 
zinlstannate colloidal particles, obtained in step (c\ followed by dispersing in a wet system for pept.zat.on for 71 
hours bv a ball mill. Then, the glass beads were separated therefrom to obtain a sol. The obtained sol was passed 
through a column packed with an anion exchange resin (IRA-410) to obtain 3.052.7 g of a hydrated zinc stannate 
sol Particles of the hydrated zinc stannate in this sol had a primary particle diameter of 7 nm as observed by a 
transmission electron microscope, and the ZnO/Sn0 2 molar ratio was 0.80. Further, in the formula 
xZnO-ySn0 2 'zH 2 O,x:y:z was 1:1.25:3.40. 

Steo (e -y The sol obtained in step (d 1 ) was concentrated by means of an ultrafiltration apparatus to obtain 1 .269 g 
of ^concentrated sol. The obtained sol had a pH of 9.80. an electrical conductivity of 730 us/cm and a concentra- 
tion of 9.06 wt% as calculated as ZnO+Sn0 2 . . , . .„ 
Step (fV 1 72 g of diisobutylamine and 1 . 1 5 g of citric acid were added to 633 g of the sol obtained in step (e 1 ) with 
stirring to obtain an adjusted sol. Then, this sol was introduced into a rotary evaporator, and while gradually adding 
13 1 of 'methanol, water in the sot was distilled under reduced pressure to obtain 322 g of a hydrated zinc stannate 
methanol sol. The obtained sol had a specific gravity of 0.910. a viscosity of 21 .6 mPa • % a pH (1+1) ol ^8.25 an 
electrical conductivity (1+1) of 253.5 us/cm, a concentration of 15.3 wt% as calculated as ZnO+Sn0 2 and a water 
content of 0 56 wt%. Particles of the hydrated zinc stannate in this sol had a primary particle diameter of from 7 to 
15 nm as observed by a transmission electron microscope, and the ZnO/SnOj, molar ratio was 0.80. Further, in the 
formula xZnO - ySnO, • zH a O. x:y:z was 1 :1 .25:3.40. This sol was dried at 1 10'C, and the refractive index of the 
dried product was 1.72. and in the X-ray diffraction analysis, the pattern agreed to the peak pattern of 
ZnSn0 3 • 3H 2 0 according to ASTM No. 20-1455. 

PREPARATION EXAMPLE 6 

500 6 g of the aqueous sodium zincate solution prepared in Preparation Example 5 and 163.3 g of sodium stannate 
(Na 2 SnO a - 3H z O. manufactured by Showa Kako K.K.. containing 55 wt% as SnOJ were dissolved in 3,898 5 g of water 
to obtain an aqueous solution of sodium zincate/sodium stannate mixture (containing 1 .01 wt% as ZnO. containing 1*7 
w£ as Sn0 2 ZnO/Sn0 2 molar ratio: 0.95). and 37.6 g of citric acid was added thereto to aMn4J0O 9 of an aqueous 
Son of sodium zincate/sodium stannate/citric acid mixture. Separately. 524.9 g of 35 wt% ^^°" C o ^^^ 
solved in 3.234.1 g of water, and 441 .0 g of a 35 wt% hydrogen peroxide aqueous solution was added thereto to obtain 
4.200 g of an aqueous solution of hydrochloric acid/hydrogen peroxide mixture. 

Steo (a'V By means of a quantitative pump, the aqueous solution of hydrochloric acid/hydrogen peroxide mixture 
Drepared as described above, was added and reacted to the aqueous solution of sodium zincate/sodium stan- 
nate/citric acid mixture over a period of about one hour with stirring by a disper. to obtain a .slurry of •tfommta 
of hydrated zinc stannate colloidal particles. The slurry had a citric acid/Sn0 2 molar ratio of 0.40. a H 2 0 2 content 
of 1 75 wt% and a ZnO/SnOo molar ratio of 0.95. 

Steo m The slurry of agglomerates of hydrated zinc stannate colloidal particles, obtained in step<a) was heated 
at 90°C for 5 hours for aging. This slurry had a pH of 8.00. an electrical conductivity of 54 ms/cm and a concentra- 
tion of 1 .55 wt% as calculated as Zn0+SnO 2 . ^ ... 
Step (c): An excess electrolyte in the slurry of agglomerates of hydrated z»nc stannate co loidal partctes < obtained 
in step ft) 1 ), was removed by washing with water by an ultrafiltration method using 36 e of water to obtain M98 g 
of adurry 'of hydrated zinc stannate agglomerates. This slurry had a pH of 8.60 and an electncal conductovrty of 

Sjfl' 500 g of glass beads (1 .0 to 1 .2 mm in diameter) were added to the slurry obtained in step (c 1 ). followed 
by spersing in a wet system for peptization for 72 hours by a ball mill. The glass beads were separated therefrom 
to obtain a sol. The obtained sol was passed through a column packed with an anion exchange resm (IRA-410) to 
obtain 2,576 g of a hydrated zinc stannate sol. Particles of the hydrated zinc stannate in this sol had apnmary par- 
ticle diameter of from 10 to 30 nm as observed by a transmission electron microscope, and the ZnO/Sn0 2 molar 
ratio was 0.90. Further, in the formula xZnO • ySnOj. • zH 2 O f x:y:z was 1 :1 .1 1 :3.20. 

Step (e 1 ): The sol obtained in step (d") was concentrated under reduced pressure by means of a rotary evaporator 
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to obtain 1 .345.4 g of a concentrated sol. The obtained sol had a pH of 8.58. an electrical conductivity of 530 us/cm 
and a concentration of 1 0.1 wt% as calculated as ZnO+Sn0 2 . 

Step (f). 2.04 g of diisobutylamine and 1 .36 g of citric acid were added to 672 g of the sol obtained in step (e") with 
stirring to obtain an adjusted sol. This sol was introduced into a rotary evaporator, and while gradually adding 13 e 
fnl^S" '1 f? * aS diStil,ed Und6r reduCed pf6SSLJre to 322 9 of a nydrated zinc stannate meth- 
™H^i ^fTS- L , 8 SpeCi,iC 9faVity ° f °- 960> 8 viSCOSity of 28 mPa * s - a P H of 8.15. an electrical 
n^ Sl p l jV )1 M"? ° m ' J a concentrafon 21.0 wt% as calculated as ZnO + Sn0 2 and a water content of 
k ^5 Part,c,es ° f the n y drated zin = stannate in this sol had a primary particle diameter of from 10 to 70 nm as 
observed by a transmission electron microscope, and the ZnO/Sn0 2 molar ratio was 0.90. Further, in the formula 

!2£.e y fS* '1 r*^* v* W ^J 1 :32 °- Th ' S 501 WaS dHed at 1 10 ° C - *• refractive index of the dried prod- 
^ iU' " •** " * e ^' ra y Effraction analysis, the pattern agreed to the peak pattern of ZnSn0 3 • 3H 2 0 accord- 
ing to Mo I M No. 20-1455. 

PREPARATION EXAMPLE 7 

h-J/STq %° f !!! ^ Ue0US ?° dium Zincate SO,ution P re P ared in Preparation Example 5 and 326.8 g of sodium stan- 
nate (Na 2 Sn0 3 -3H 2 0. manufactured by Showa Kako K.K.. containing 55 wt% as Sn0 2 ) were dissoSed in 7 872 q of 
water to obtain 9,200 g of an aqueous solution of sodium zincate/sodium stannate mixture (containing 1.00 wt% as 
*™ as SnO^ZnO/SnO, molar ratio: 0.95). Separately. 1 .1 1 6.6 g of 35 wk hydroSioric acSw^s 

22! ' ? 9 ° f Water ' and 1 ,764 ° 9 ° f 8 35 "** hydro9en P eroxide aa - ueous solution was added toeretoto 
obtain 8.400 g of an aqueous solution of hydrochloric acid/hydrogen peroxide mixture. 

Step (a/): By means of a quantitative pump, the aqueous solution of hydrochloric acid/hydrogen peroxide mixture 
aS desCT .'bed above, was added and reacted to the aqueous solution of sodium zincate/sodium stannate 

^ Jf . ab0 ^° ne h ° Ur With St " rin9 by a disper ' t0 a s,urr V <* agglomerates of hydrated zinc 
stannate colloidal particles. The slurry of agglomerates of hydrated zinc stannate colloidal particles had a pH of 8 7 
a H 2 0 2 content of 3.51 wt% and a ZnO/Sn0 2 molar ratio of 0.95. 

Step (b-): 140 g of 5 wt% hydrochloric acid was added to the slurry of agglomerates of hydrated zinc stannate col- 
loidal Particles, obtained in step (a 1 ) to adjust the pH to 7.13 and then heated at 90'C for 4 hours for aging The 
obtained slurry had a pH of 10.55. an electrical conductivity of 53 ms/cm and a concentration of 1 .55 wr% as cal- 
culated as ZnO+Sn0 2 . 

5C \ 9 °Iw 5 „ Wt% h y drochloric acid added to the slurry of hydrated zinc stannate colloidal particles 
obtained ,n step (b) to adjust the pH to 6.80. Then, an excess electrolyte was removed by washing with water by 

and U,lra ' ,,fr , a I ,0 " "*» 40 f «* water - sl ^y of hydrated zinc stannate agglomerates was 

1 .788 g and had a pH of 8.93 and an electrical conductivity of 1 62 us/cm. 

Step (d 1 ): 750 g of water and 14.6 g of a 15 wt% potassium hydroxide aqueous solution were added to 1 434 g of 

'"f^ { ? ^.S* 1 thS PH '° 1 1 6 ThSn> the S ' Urry was pepti2ed b * in a w * system 

for 24 hours in a sand grinder filled with glass beads (1.0 to 1.2 mm in diameter) to obtain 2.860 g of a hydrated 

zinc stannate sol. The obtained sol had a pH of 1 1 .25 and an electrical conductivity of 1 .21 0 us/cm Then 5 4 g of 
atnc acid and 40 m/ of a cation exchange resin (IR-120B) were added to the obtained sol with stirring, and the mix- 
turewas stirred for one hour. Then, the resin was separated therefrom. The obtained sol had a pH of 6 86 and an 
electoral conductivity of 1 88 us/cm. Particles of the hydrated zinc stannate in this sol had a primary particle diam- 
nh^ L°K k nm aS ° bServed by 3 transmissi ° n electron microscope. The transmission electron microscopic 
photograph is shown in Figure 4. Further, the ZnO/Sn0 2 molar ratio was 0.95. Further, from the results of the ther- 
rr»grav.metric analysis (TG) in Figure 6. the weight reduction at a temperature of 262'C was 15 39% and in the 
formula xZnO * ySn0 2 • zH 2 0. x:y:z was 1 : 1 .05:3.1 0. 

Step (e 1 ): 8.1 g of diisobutylamine was added to the sol obtained in step (cf) to adjust the pH to 9.90. Then the sol 
was concentrated I under reduced pressure by means of a rotary evaporator to obtain 1 .381 g of a concentrated sol 

IT* nJrf "7 . ad 3 SpeCifi ° 9ravity 01 1 - 194, a viscosity 01 264 mPa ' s - a P H of 8 -52- an electrical conductivity 
of 2.040 us/cm and a concentration of 1 9. 1 wt% as calculated as ZnO+Sn0 2 

S"? P 1 1! 51 9 . * the 801 ° btained in St8p (e<) W3S irrtroduced 'mo a rotary evaporator, and while gradually adding 
31* of methanol water in the sol was distilled under reduced pressure to obtain 1 .036.3 g of a hydrated zinc stan- 
nate methanol sol. The obtained sol had a specific gravity of 0.970. a viscosity of 17.5 mPa • s a pH (1+1) of 7 85 
^f^Jty ( 1 +1 ) of 96.0 us/cm. a concentration of 23.6 wt% as calculated as ZnO+SnO-, and a water 

S nm 1? k ^ artiC,eS 01 the tv6mM Zin ° Stannate in 501 had a P rimar y Particle diameter of from 5 to 
30 nm as observed by a transm.ssion electron microscope, and the ZnO/Sn0 2 molar ratio was 0.95 Further in the 
formula xZnO -ySnO, . zH 2 0. x:y:z was 1 :1.05:3.10. This sol was dried at 1 10'C. and the refractive index'of 21 
??J? 0 i!?S a * 1 - 78 ' Snd * e X " ray diffraction analysis, the pattern agreed to the peak pattern of 
ZnSn0 3 • 3H 2 Q according to ASTM No. 20-1 455. The results of the X-ray diffraction analysis are shown |? Figure 5. 
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PREPARATION EXAMPLE 8 

1 ,001 .2 g of the aqueous sodium zincate solution prepared in Preparation Example 5 and 326.8 g of sodium stan- 
nate (Na 2 Sn0 3 • 3H 2 0. manufactured by Showa Kako K.K., containing 55 wt% as SnO^ were dissolved in 2.734.2 g of 
5 water to obtain 4,062.2 g of an aqueous solution of sodium zincate/sodium stannate mixture (containing 2.31 wt% as 
ZnO, containing 4.49 wt% as Sn0 2 , ZnO/Sn0 2 molar ratio: 0.95). Separately, 1 , 1 1 6.6 g of 35 wt% hydrochloric acid was 
dissolved in 2,001.4 g of water, and 882.0 g of a 35 wt% hydrogen peroxide aqueous solution was added thereto to 
obtain 4,000 g of an aqueous solution of hydrochloric acid/hydrogen peroxide mixture. 

Step (a 1 ): By means of quantitative pumps, respectively, the aqueous solution of hydrogen chloride/hydrogen per- 
oxide mixture and the aqueous solution of sodium zincate/sodium stannate mixture, prepared as described above, 
were simultaneously added and reacted in 1,000 g of water over a period of about 1 hour, to obtain a slurry of 
agglomerates of hydrated zinc stannate colloidal particles. The slurry had a pH of 9.0, a H 2 0 2 content of 3.43 wt% 
and a 2nO/Sn0 2 molar ratio of 0.95. 

Step (by 198.7 g of 5 wt% hydrochloric acid was added to the slurry of agglomerates of hydrated zinc stannate col- 
loidal particles, obtained in step (a*) to adjust the pH to 6.65 and then heated at 90°C for 4 hours for aging. The 
obtained slurry had a pH of 8.50. an electrical conductivity of 73 ms/cm and a concentration of 3.02 wt% as calcu- 
lated as ZnO+Sn0 2 . 

Step (cy. An excess electrolyte in the slurry of hydrated zinc stannate colloidal particles, obtained in step (by was 
removed by washing with water by an ultrafiltration method using 40 i of water, to obtain 2.355 g of a slurry of 
hydrated zinc stannate agglomerates. This slurry had a pH of 8.85 and an electrical conductivity of 1 70 jis/cm. 
Step (dy 9.0 g of a 15 wt% potassium hydroxide aqueous solution was added to the slurry obtained in step (C*) to 
adjust the pH to 1 0.9 and then peptized by dispersing in a wet system for 24 hours in a sand grinder filled with glass 
beads (1 .0 to 1 .2 mm in diameter), to obtain 5.525 g of a hydrated zinc stannate sol. The obtained sol had a pH of 
10.95 and an electrical conductivity of 471 >is/cm. The obtained sol was further passed through a column packed 
with an anion exchange resin (IRA-410) to obtain 5,883 g of a hydrated zinc stannate sol. Then. 5.4 g of citric acid 
and 60 ml of a cation exchange resin (IR-120B) were added to the obtained sol with stirring, and the mixture was 
stirred for one hour. Then, the resin was separated therefrom. The obtained sol had a pH of 4.47 and an electrical 
conductivity of 54.3 ps/cm. Particles of the hydrated zinc stannate in this sol had a primary particle diameter of from 
7 to 15 nm as observed by a transmission electron microscope, and the ZnO/Sn0 2 molar ratio was 0.95. Further, 
in the formula xZnO • ySnC^ • zH 2 O f x:y:z was 1 :1 .05:2.80. 

Step (ey 8.1 g of diisobutylamine was added to the sol obtained in step (d 1 ) to adjust the pH to 8.90. and then the 
sol was concentrated by means of an ultrafiltration apparatus to obtain 1 ,582 g of a concentrated sol. The obtained 
sol had a specific gravity of 1 .188, a viscosity of 2.8 mPa • s, a pH of 7.37. an electrical conductivity of 1 ,780 jts/cm 
and a concentration of 17.1 wt% as calculated as ZnO+Sn0 2 . 

Step (f): 2.57 g of diisopropylamine and 1 .25 g of citric acid were added to 1.455 g of the sol obtained in step (e*) 
with stirring to obtain an adjusted sol. Then, the sol was introduced into a rotary evaporator, and while gradually 
adding 24 I of methanol, water in the sol was distilled under reduced pressure to obtain 806.6 g of a hydrated zinc 
stannate methanol sol. The obtained sol had a specific gravity of 1.140, a viscosity of 2.0 mPa • s. a pH (1+1) of 
6.93, an electrical conductivity (1+1) of 302 us/cm. a concentration of 30.8 wt% as calculated as ZnO+Sn0 2 and a 
water content of 0.71 wt%. Particles of the hydrated zinc stannate in the sol had a primary particle diameter of from 
7 to 15 nm as observed by a transmission electron microscope, and the ZnO/Sn0 2 molar ratio was 0.95. Further, 
in the formula xZnO • ySn0 2 • zH 2 0, x:y:z was 1 :1 .05:2.80. This sol was dried at 1 10°C, and the refractive index of 
this dried product was 1 .78. and in the X-ray diffraction analysis, the pattern agreed to the peak pattern of 
ZnSn0 3 • 3H 2 0 according to ASTM No. 20- 1 455. 

PREPARATION EXAMPLE 9 

An aqueous sol of stannic oxide to be used for the preparation of a modified metal oxide sol of the present inven- 
so tion, was prepared. 

By a reaction of metal tin powder, an aqueous hydrochloric acid solution and an aqueous hydrogen peroxide solu- 
tion, an aqueous sol of stannic oxide was obtained. The obtained sol had a specific gravity of 1.420, a pH of 0.40, a 
viscosity of 32 mPa • s immediately after stirring, a Sn0 2 content of 33.0 wt%. a HC£ content of 2.56 wt%, a fusiform 
colloidal particle diameter of at most 10 nm as observed by an electron microscope, a specific surface area of particles 
55 of 120 m 2 /g as measured by a BET method, a particle diameter of 7.2 nm as calculated from this specific surface area 
and a particle diameter of 107 nm as measured by a dynamic light scattering method by a N 4 device manufactured by 
Coulter Inc. USA. 2.000 g of this slightly yellow transparent aqueous sol of stannic oxide was dispersed in 18.000 g of 
water to obtain a dilute sol. 

Then, 8.0 g of isopropylamine was added to the entire amount of this dilute sol. Then, obtained liquid was passed 
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through a column packed with a hydroxyl group form anion exchange resin to obtain 20,625 g of an alkaline aqueous 
sol of stannic oxide. 

This alkaline aqueous sol of stannic oxide was stable and had a colloidal color, but the transparency was very high, 
and it had a specific gravity of 1 .032, a pH of 9.80, a viscosity of 1 .3 mPa • s, a Sn0 2 content of 3.20 wt% and an iso^ 
propylamine content of 0.039 wt%. 

PREPARATION EXAMPLE 10 

An aqueous sol of zirconium oxide to be used for the preparation of a modified metal oxide sol of the present inven- 
tion, was prepared. 

An aqueous zirconium oxychloride solution was hydrolyzed to obtain a highly transparent stable aqueous sol of zir- 
conium oxide. This sol had a specific gravity of 1 .177, a pH of 3.85, a viscosity of 5.6 mPa • s, a Zr0 2 content of 22.1 
wt% and a particle diameter of 5 nm as observed by a transmission electron microscope. 

PREPARATION EXAMPLE 11 

3,125 g of an alkaline stannic oxide sol (pH: 9.80, Sn0 2 content: 3.20 w1%) prepared in Preparation Example 9 was 
added with intensive stirring to 1 ,1 15 g of the hydrated zinc stannate sol (pH: 7.98, containing 2.69 wt% as calculated 
as 2nO+Sn0 2 ) prepared in step (c) in Preparation Example 2, to obtain 4,240 g of a stable aqueous sol of modified 
stannic oxide of a low concentration. This sol was concentrated by an ultrafiltration apparatus with a ultrafilter of a frac- 
tional molecular weight of 50,000, to obtain 1,019 g of a modified stannic oxide aqueous sol of a high concentration. 
This sol had a proportion of ZnSn0 3 to Sn0 2 being 30 wt% and a total metal oxide content of 11. 8 wt% as calculated 
as ZnO+Sn0 2 . To this sol, 6 g of citric acid and 9 g of diisobutylamine were added with stirring. Then, while gradually 
adding 30 t of methanol, water was distilled off under reduced pressure by a rotary evaporator to obtain 484.8 g of a 
methanol sol of modified stannic oxide having water of the aqueous sol substituted by methanol. This sol had a specific 
gravity of 0.997, a viscosity of 1 1 .1 mPa • s, a pH of 7.40 (as mixed with an equal weight amount of water) and a total 
metal oxide content of 24.8 wt% as calculated as ZnO+Sn0 2 and a water content of 0.40 wt%. The particle diameter 
as observed by a transmission electron microscope was from 15 to 20 nm. The transmission electron microscopic pho- 
tograph is shown in Figure 9. 

PREPARATION EXAMPLE 12 

1 ,306.4 g of water was added to 693.6 g of the hydrated zinc stannate sol (pH: 6.86. containing 8.65 wt% as cal- 
culated as ZnO+Sn0 2 ) prepared in step (d*) in Preparation Example 7 to dilute the sol to a concentration of 3.0 wt%. To 
this diluted sol, 6,250 g of the alkaline stannic oxide sol (pH: 9.80, Sn0 2 content: 3.20 wt%) prepared in Preparation 
Example 9 was added with intense stirring to obtain 8,250 g of a stable aqueous sol of modified stannic oxide of a low 
concentration. This sol was concentrated by an ultrafiltration apparatus with an ultrafilter of a fractional molecular weight 
of 50,000, to obtain 2,000 g of a highly concentrated aqueous sol of modified stannic oxide. This sol had a proportion 
of ZnSn0 3 to Sn0 2 being 30 wt% and a total metal oxide content of 1 1.6 wt% as calculated as ZnO+Sn0 2 . To this sol. 
6 g of citric acid and 9 g of diisobutylamine were added with stirring. Then, while gradually adding 60 / of methanol, 
water was distilled under reduced pressure by a rotary evaporator, to obtain 1,281.8 g of a methanol sol of modified 
stannic oxide having water of the aqueous sol substituted by methanol. This sol had a specific gravity of 0.916, a vis- 
cosity of 21 .1 mPa • s, a pH of 7.81 (as mixed with an equal weight amount of water), a total metal oxide content of 18.1 
wt% as calculated as ZnO+Sn0 2 and a water content of 0.32 wt%. The particle diameter as observed by a transmission 
electron microscope was from 1 5 to 20 nm. 

PREPARATION EXAMPLE 13 

538.8 g of an aqueous sodium stannate solution (containing 80.8 g as SnO^ and 52.8 g of sodium gluconate were 
added to 12,500 g of the alkaline Sn0 2 sol (containing 400.0 g of Sn0 2 ) prepared in Preparation Example 9, to obtain 
a mixed solution A. Separately, 65.7 g of zinc chloride (containing 39.2 g as ZnO), 80.0 g of a 10% HC* aqueous solu- 
tion and 750 g of a 35% H 2 0 2 aqueous solution were added to 958 g of water, to obtain a mixed solution B. This mixed 
solution B was added to the above mixed solution A with intense stirring over a period of 90 minutes, followed by stirring 
for 30 minutes, to coat stannic oxide with a hydrated zinc stannate colloid. Further, heating for aging at 90°C for 4 hour 
was carried out with stirring. After cooling, the pH was adjusted to about 10 by isopropylamine, to obtain an aqueous 
sol of modified stannic oxide of a low concentration. After removing an excess electrolyte by washing with water, this 
sol was concentrated by an ultrafiltration apparatus with a ultrafilter of a fractional molecular weight of 50,000, to obtain 
2,658 g of an aqueous sol of modified stannic oxide of a high concentration. This sol had a proportion of ZnSn0 3 to 
Sn0 2 being 30 wt% and a total metal oxide content of 18.0 wt% as calculated as ZnO+Sn0 2 . To this sol, 19.1 g of citric 
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acid and 28.7 g of diisobutylamine were added with stirring. Then, while gradually adding 1 30 1 of methanol, water was 
distilled under reduced pressure by a rotary evaporator, to obtain 1 ,913 g of a methanol sol of modified stannic oxide 
having water of the aqueous sol substituted by methanol. This sol had a specific gravity of 1.000, a viscosity of 12.0 
mPa • s, a pH of 7.50 (as mixed with an equal weight amount of water), a total metal oxide content of 25.0 wt% as cal- 
5 culated as ZnO+Sn0 2 and a water content of 0.31 wt%. The particle diameter as observed by a transmission electron 
microscope was from 15 to 20 nm. The transmission electron microscopic photograph is shown in Figure 10. 

PREPARATION EXAMPLE 14 

10 Water was added to 683.3 g of the zirconium oxide sol (containing 151 g of Zr0 2 ) prepared in Preparation Example 
1 0 to dilute it to a Zr0 2 concentration of 4 wt%. Then, 1 96.1 g of an aqueous sodium stannate solution (containing 29.4 
g as SnOg) and 19.2 g of sodium gluconate were added, to obtain a mixed solution A. Separately, 26.6 g of zinc chloride 
(containing 15.9 g as ZnO), 32.4 g of a 10% HCl aqueous solution and 304.2 g of a 35% H 2 0 2 aqueous solution were 
added to 388 g of water, to obtain a mixed solution B. This mixed solution B was added to the above mixed solution A 

15 with intense stirring over a period of 90 minutes, followed by stirring for 30 minutes, to coat zirconium oxide with the 
hydrated zinc stannate colloid. Further, heating for aging was carried out at 90°C for 4 hours with stirring. After cooling, 
the pH was adjusted to about 10 by isopropylamine, to obtain an aqueous sol of modified zirconium oxide of a low con- 
centration. From this sol, an excess electrolyte was removed by washing with water by an ultrafiltration apparatus with 
an ultraf ilter of a fractional molecular weight of 50,000, and the sol was further passed through a column packed with 

20 an anion exchange resin (Amberlite IRA-410). Then, 3.9 g of citric acid and 5.8 g of diisobutylamine were added thereto, 
followed by concentration under reduced pressure by a rotary evaporator, to obtain 495.2 g of an aqueous sol of mod- 
ified zirconium oxide of a high concentration. This sol had a specific gravity of 1 .472, a viscosity of 8.5 mPa • s, a pH of 
6.47, a proportion of ZnSn0 3 to ZrC^ being 30 wt%, and a total metal oxide content of 37.5 wt% as calculated as 
ZnO+Sn0 2 +Zr0 2 . 304 g of this sol was subjected to distillation of water under reduced pressure by a rotary evapora- 

25 tion, while gradually adding 6 1 of methanol, to obtain 272 g of a methanol sol of modified zirconium oxide having water 
of the aqueous sol substituted by methanol. This sol had a specific gravity of 1 .1 10, a viscosity of 2.7 mPa • s, a pH of 
7.35 (as mixed with an equal amount of water), a total metal oxide content of 30.6 wt% as calculated as 
ZnO+Sn0 2 +Zr0 2 , and a water content of 0.36 wt%. The particle diameter as observed by a transmission electron 
microsoope was from 10 to 20 nm. The transmission electron microscopic photograph is shown in Figure 1 1 . 

30 

COMPARATIVE PREPARATION EXAMPLE 1 

140.0 g of sodium stannate (Na 2 Sn0 3 *3H 2 0), manufactured by Showa Kako K.K. (containing 55 wt% as Sn0 2 ) 
was dissolved in 2,360 g of water to obtain 2,500 g of an aqueous sodium stannate solution (containing 3.1 wt% as 

35 Sn0 2 ). Separately, 69.7 g of zinc chloride (ZnC* 2 ) was dissolved in 2,430.3 g of water to obtain 2.500 g of an aqueous 
zinc chloride solution. 

Step (a): By means of a quantitative pump, the aqueous zinc chloride solution prepared as described above, was 
added and reacted to an aqueous sodium stannate solution over a period of about one hour with stirring by a dis- 
40 per, to obtain a colloidal slurry of hydrated zinc stannate. This slurry had a ZnO/Sn0 2 molar ratio of 1 .0 and a con- 
centration of 2.37 wt% as calculated as ZnO+Sn0 2 . 

Step (b): The hydrated zinc stannate colloidal slurry obtained in step (a) was stirred at 25°C for 2 hours for aging. 
The obtained slurry had a pH of 6.85 and an electrical conductivity of 20.2 ms/cm. 

Step (c): An excess electrolyte in the hydrated zinc stannate colloidal solution obtained in step (b), was removed by 
45 washing with water by filtration and decantation, but the hydrated zinc stannate colloidal slurry remained as it was 
and could not be converted to a sol. A transmission electron microscopic photograph of the particles of this 
hydrated zinc stannate, is shown in Figure 7. This slurry had a pH of 5.00 and an electrical conductivity of 585 
ps/cm. 

so COMPARATIVE PREPARATION EXAMPLE 2 

267.1 g of the aqueous sodium zincate solution prepared in Preparation Example 5 and 86.9 g of sodium stannate 
(Na 2 Sn0 3 • 3H 2 0, manufactured by Showa Kako K.K., containing 55 wt% as Sn0 2 ) were dissolved in 2,063.1 g of 
water, to obtain an aqueous solution of sodium zincate/sodium stannate mixture (containing 1 .02 wt% as ZnO, contain- 

55 ing 1 .98 wt% as Sn0 2 , ZnO/Sn0 2 molar ratio: 0.95). Thus, 2.41 7.1 g of an aqueous solution of sodium zincate/sodium 
stannate mixture, was prepared. Separately, 295.7 g of 35 wt% hydrochloric acid was dissolved in 1„991 .9 g of water, 
to obtain 2,287.6 g of an aqueous hydrochloric acid solution. 

Step (ay. By means of a quantitative pump, the aqueous hydrochloric acid aqueous solution prepared as described 
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above was added and reacted to the aqueous solution of sodium zincate/sodium stannate mixture over a period of 
about one hour with stirring by a disper, to obtain a slurry of agglomerates of hydrated zinc stannate colloidal par- 
ticles. This slurry had a ZnO/Sn0 2 molar ratio of 0.95. 

Step fa*): 210 g of 5 wt% hydrochloric acid was added to the slurry of agglomerates of hydrated zinc stannate col- 
loidal particles, obtained in step (a*) to adjust the pH to 7.07. Then, heating for aging was carried out at 90°C for 4 
hours. The obtained slurry had a concentration of 1 .47 wt% as calculated as ZnO+Sn0 2 . 

Step (c*>: An excess electrolyte in the slurry of agglomerates of hydrated zinc stannate colloidal particles, obtained 
in step (b 1 ), was removed by washing with water by an ultrafiltration method using 12 1 of water, to obtain 658 g of 
a slurry of hydrated zinc stannate agglomerates. This slurry had a pH of 6.30 and an electrical conductivity of 147 
fis/cm. 

Step (d 1 ): 1 .1 g of 15% potassium hydroxide and 300 g of glass beads (1 .0 to 1.2 mm in diameter) were added to 
300 g of the slurry obtained in step (c 1 ), followed by dispersing in a wet system for 120 hours by a ball mill, whereby 
the slurry was not substantially peptized or formed into a sol. A transmission electron microscopic photograph of 
the agglomerates of this hydrated zinc stannate is shown in Figure 8. 

COMPARATIVE PREPARATION EXAMPLE 3 

500 g of water was added to 55.8 g of the hydrated zinc stannate sol prepared in step (c) in Preparation Example 
2, to obtain a dilute sol. To this dilute sol. 3,125 g of the alkaline stannic oxide sol prepared in Preparation Example 9 
was added with intense stirring, to obtain 3.680.8 g of a modified stannic oxide aqueous sol of a low concentration. This 
sol was subjected to concentration by an ultrafiltration apparatus with an ultraf ifter of a fractional molecular weight of 
50.000, whereby the viscosity increased remarkably, and the sol could not be highly concentrated. This modified stan- 
nic oxide aqueous sol had a proportion of ZnSn0 3 to Sn0 2 of 1.5 wt%. Further, to this highly viscous sol, 5 g of citric 
acid and 7.5 g of diisobutylamine were added with stirring, and then an attempt was made to substitute water of the 
aqueous sol with methanol by distilling water under reduced pressure by a rotary evaporator, while gradually adding 
methanol. However, coagulation occurred during the substitution, and it was not possible to produce a modified stannic 
oxide methanol sol. 

Preparation of coating cornpnsitinns 

EXAMPLE 1 

Into a glass container equipped with a magnetic stirrer, 105.3 parts by weight of rglycidoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added over a period of 3 hours with stirring. After completion of the dropwise addition, stirring was 
continued for further 0.5 hour to obtain a partial hydrolyzate of rglycidoxypropyltrimethoxysilane. Then, 691 .5 parts by 
weight of the methanol sol of hydrated zinc stannate (containing 18.8 wt% as ZnO+Sn0 2 ) obtained in Preparation 
Example 2. 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 parts by weight of aluminumacetyl aceto- 
nate, were added to 142.1 parts by weight of the above-mentioned partial hydrolyzate of y-glycidoxypropyltrimethoxysi- 
lane, and the mixture was thoroughly stirred, followed by filtration, to obtain a coating cornposition. 

EXAMPLE 2 

Into a glass container equipped with a magnetic stirrer, 105.3 parts by weight of yglycidoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour to obtain a partial hydrolyzate of y-glycidoxypropyltrimetrioxysilane. Then, 550.8 
parts by weight of the methanol sol of hydrated zinc stannate (containing 23.6 wt% as ZnO+SnO^) obtained in Prepa- 
ration Example 7, 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 parts by weight of aluminumacetyl 
acetonate. were added to 1 42.1 parts by weight of the above-mentioned partial hydrolyzate of y-glycidoxypropyltrimeth- 
oxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain a coating conposition. 

EXAMPLE 3 

Into a glass container equipped with a magnetic stirrer, 22.3 parts by weight of tetraethoxysilane and 77.9 parts by 
weight of y-glycidoxypropylmethyldiethoxysilane. corresponding to component (A), were introduced, and 36.8 parts by 
weight of a 0.01 N hydrochloric acid aqueous solution was dropwise added thereto over a period of 3 hours with stirring. 
After completion of the dropwise addition, stirring was continued for further 0.5 hour, to obtain a partial hydrolyzate of 
tetraethoxysilane and rgiycidoxypropylmethyldiethoxysilane. Then, 691.5 parts by weight of the methanol sol of 
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hydrated zinc stannate (containing 18.8 wt% as ZnO+SnOg) obtained in Preparation Example 2. 65 parts by weight of 
butyl cellosolve and, as curing agents, 2.6 parts by weight of aluminumacetyl acetonate and 0.5 part by weight of 
ammonium perchlorate, were added to 137 parts by weight of the above-mentioned partial hydrolyzate of tetraethoxysi- 
lane and y-glycidoxypropylmethyldiethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain 
a coating composition. 

EXAMPLE 4 

Into a glass container equipped with a magnetic stirrer, 74.2 parts by weight of rg'yadoxypropyltrimethoxysilane 
and31.1 partsby weight of y-glyddoxypropylmethyldimethoxysilane, corresponding to component (A), were introduced, 
and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solution was dropwise added thereto over a period of 3 
hours with stirring. After completion of the dropwise addition, stirring was continued for further 0.5 hour, to obtain a par- 
tial hydrolyzate of Y-glycidoxypropyttrimethoxysilane and y-glycidoxypropylmethyldimethoxysilane. Then, 550.8 parts by 
weight of the methanol sol of hydrated zinc stannate (containing 23.6 wt% as 2nO+Sn0 2 ) obtained in Preparation 
Example 7, 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 parts by weight of aluminumacetyl aceto- 
nate, were added to 142.1 parts by weight of the above-mentioned partial hydrolyzate of Y-glycidoxypropyrtrimethoxysi- 
lane and rglycidoxypropylmethyldimethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to 
obtain a coating composition. 

EXAMPLES 

Into a glass container equipped with a magnetic stirrer, 37.1 parts by weight of rglycidoxypropyltrimethoxysilane, 
37.1 parts by weight of rg'ycidoxypropylmethyldimethoxysilane and 23.7 parts by weight of tetraethoxysilane, corre- 
sponding to component (A), were introduced, and 36.8 parts by weight of a 0.01 N hydrochloric add aqueous solution 
was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring was 
continued for further 0.5 hour, to obtain a partial hydrolyzate of rgtycidoxypropyltrimethoxysilane, rglycidoxypropyl- 
methyldimethoxysilane and tetraethoxysilane. Then, 550.8 parts by weight of the methanol sol of hydrated zinc stan- 
nate (containing 23.6 wt% as ZnO+Sn0 2 ) obtained in Preparation Example 7, 65 parts by weight of butyl cellosolve 
and, as a curing agent, 4.2 parts by weight of aluminumacetyl acetonate, were added to 134.7 parts by weight of the 
above-mentioned partial hydrolyzate of y-glycidoxypropyltrimethoxysi lane. rglycidoxypropylmethykJimethoxysilane and 
tetraethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain a coating composition. 

EXAMPLE 6 

Into a glass container equipped with a magnetic stirrer, 105.3 parte by weight of rglycidoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour, to obtain a partial hydrolyzate of y-glycidoxypropyltrimethoxysilane. Then, 524.2 
parts by weight of the methanol sol of modified stannic oxide (containing a total metal oxide of 24.8 wt% as calculated 
as ZnO+Sn0 2 ) prepared in Preparation Example 1 1, 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 
parts by weight of aluminumacetyl acetonate, were added to 142.1 parts by weight of the above-mentioned partial 
hydrolyzate of rglycidoxypropyltrimethoxysilane. and the mixture was thoroughly stirred, followed by filtration, to obtain 
a coating composition. 

EXAMPLE 7 

Into a glass container equipped with a magnetic stirrer, 105.3 parts by weight of rgtycidoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour, to obtain a partial hydrolyzate of rglycidoxypropyltrimethoxysilane. Then, 520.0 
parts by weight of the methanol sol of modified stannic oxide (containing a total metal oxide of 25.0 wt% as calculated 
as ZnO+Sn0 2 ) prepared in Preparation Example 13. 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 
parts by weight of aluminumacetyl acetonate, were added to 142.1 parts by weight of the above-mentioned partial 
hydrolyzate of rglycidoxypropyltrimethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain 
a coating composition. 

EXAMPLE 8 

Into a glass container equipped with a magnetic stirrer, 22.3 parts by weight of tetraethoxysilane and 77.9 parts by 
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weight of Y-Qlycidoxypropylmethyldiethoxysilane, corresponding to component (A), were introduced, and 36.8 parts by 
weight of a 0.01 N hydrochloric acid aqueous solution was dropwise added thereto over a period of 3 hours with stirring. 
After completion of the dropwise addition, stirring was continued for further 0.5 hour, to obtain a partial hydrolyzate of 
tetraethoxysilane and Y-glycidoxypropylmethyldiethoxysilane. Then, 524.2 parts by weight of the methanol sol of modi- 
fied stannic oxide (containing 24.8 wt% of a total metal oxide as calculated as 2nO+Sn0 2 ) prepared in Preparation 
Example 1 1 , 65 parts by weight of butyl cellosolve and, as curing agents, 2.6 parts by weight of aluminumacetyl acet- 
onate and 0.5 part by weight of ammonium perchlorate, were added to 137 parts by weight of the above-mentioned par- 
tial hydrolyzate of tetraethoxysilane and r^lycidoxypropylmethyldiethoxysilane, and the mixture was thoroughly stirred, 
followed by filtration, to obtain a coating composition. 

EXAMPLE 9 

Into a glass container equipped with a magnetic stirrer, 74.2 parts by weight of Y-glycidoxypropyitrimethoxysilane 
and 31.1 parts by weight of rg'ycidoxypropylmethyldimethoxysilane, corresponding to component (A), were introduced, 
and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solution was dropwise added thereto over a period of 3 
hours with stirring. After completion of the dropwise addition, stirring was continued for further 0.5 hour, to obtain a par- 
tial hydrolyzate of y-glycidoxypropyltrimethoxysilane and Y-glycidoxypropylmethyldimethoxysilane. Then, 520.0 parts by 
weight of the methanol sol of modified stannic oxide (containing 25.0 wt% of a total metal oxide as calculated as 
ZnO+Sn0 2 ) obtained in Preparation Example 13, 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 parts 
by weight of aluminumacetyl acetonate, were added to 142.1 parts by weight of the above-mentioned partial hydro- 
lyzate of rglycidoxypropyltrimethoxysilane and Y-giycidoxypropylmethyldimethoxysilane, and the mixture was thor- 
oughly stirred, followed by filtration, to obtain a coating composition. 

EXAMPLE 10 

Into a glass container equipped with a magnetic stirrer, 37.1 parts by weight of rg'ycidoxypropyltrimethoxysilane, 
37.1 parts by weight of y-glycidoxypropylmethyldimethoxysilane and 23.7 parts by weight of tetraethoxysilane, corre- 
sponding to component (A), were introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solution 
was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring was 
continued for further 0.5 hour, to obtain a partial hydrolyzate of rglyadoxypropyltrimethoxysilane, rglycidoxypropyl- 
methyldimethoxysilane and tetraethoxysilane. Then, 520.0 parts by weight of the methanol sol of modified stannic oxide 
(containing 25.0 wt% of a total metal oxide as calculated as ZnO+SnOg) obtained in Preparation Example 13, 65 parts 
by weight of butyl cellosolve and, as a curing agent, 4.2 parts by weight of aluminumacetyl acetonate, were added to 
13* 7 parts by weight of the above-mentioned partial hydrolyzate of y-glycidoxypropyltrimethoxysilane , y-glycidoxypro- 
py ^.hyldimethoxysilane and tetraethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain 
a coating composition. 

EXAMPLE 11 

Into a glass container equipped with a magnetic stirrer, 105.3 parts by weight of Y^glycidoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour, to obtain a partial hydrolyzate of y-glycidoxypropyftrimethoxysilane. Then, 718.2 
parts by weight of the methanol sol of modified stannic oxide (containing 18.1 wt% of a total metal oxide as calculated 
as ZnO+SnOa) obtained in Preparation Example 12, 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 
parts by weight of aluminumacetyl acetonate, were added to 142.1 parts by weight of the above-mentioned partial 
hydrolyzate of yglycidoxypropyltrimethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain 
a coating composition. 

EXAMPLE 12 

Into a glass container equipped with a magnetic stirrer, 105.3 parts by weight of ^glycidoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour, to obtain a partial hydrolyzate of y-glyckloxypropyttrimethoxysilane. Then, 424.8 
parts by weight of the methanol sol of modified stannic oxide (containing 30.6 wt% of a total metal oxide as calculated 
as ZnO+Sn0 2 +Zr0 2 ) obtained in Preparation Example 14, 65 parts by weight of butyl cellosolve and, as a curing agent, 
4.2 parts by weight of aluminumacetyl acetonate, were added to 142.1 parts by weight of the above-mentioned partial 
hydrolyzate of rglyadoxypropyltrimethoxysilane, and the mixture was thoroughly stirred, followed by filtration, to obtain 
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a coating composition. 
COMPARATIVE EXAMPLE 1 

5 Into a glass container equipped with a magnetic stirrer, 105.3 parts by weight of y-glycidoxypropyltrimethoxysilane 

corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour, to obtain a partial hydrolyzate of rQlycidoxypropyltrimethoxysilane. Then, 433.3 
parts by weight of a methanol sol of modified stannic oxide having a particle diameter of about 18 nm (having a weight 

io ratio of (W0 3 +Sn0 2 )/Sn0 2 of 0.46 and containing 30.0 wt% of a total metal oxide as calculated as W0 3 +Sn0 2 ) com- 
prising colloidal particles of stannic oxide having a particle diameter of 7.2 nm, as nuclei, and colloidal particles of a 
tungsten oxide/stannic oxide composite having a weight ratio of WCVSn0 2 of 5.12 and a particle diameter of 5 nm, 
coated on the surface of the nuclei, 65 parts by weight of butyl cellosolve and, as a curing agent, 4.2 parts by weight of 
aluminumacetyl acetonate, were added to 142.1 parts by weight of the above-mentioned partial hydrolyzate of -y-glyci- 

15 doxypropyltrimethoxysilane. and the mixture was thoroughly stirred, followed by filtration, to obtain a coating composi- 
tion. 

COMPARATIVE EXAMPLE 2 

20 Into a glass container equipped with a magnetic stirrer, 1 05.3 parts by weight of ^glyddoxypropyltrimethoxysilane 
corresponding to component (A) was introduced, and 36.8 parts by weight of a 0.01 N hydrochloric acid aqueous solu- 
tion was dropwise added thereto over a period of 3 hours with stirring. After completion of the dropwise addition, stirring 
was continued for further 0.5 hour, to obtain a partial hydrolyzate of rglycidoxypropyltrimethoxysilane. Then, 650.0 
parts by weight of a silica methanol sol (particle diameter: 15 nm, containing 20 wt% of SiOg), 65 parts by weight of 

25 butyl cellosolve and, as a curing agent, 4.2 parts by weight of aluminumacetyl acetonate, were added to 142.1 parts by 
weight of the above-mentioned partial hydrolyzate of Y-glycidoxypropyltrimethoxysilane, and the mixture was thoroughly 
stirred, followed by filtration, to obtain a coating composition. 

Formation of cured films 

30 

The coating compositions obtained in Examples 1 to 12 and Comparative Example 1 and 2 were, respectively, 
coated on a commercially available polycarbonate plate having a refractive index n D = 1 .59 by spin coating and heat- 
treated at 120°C for 2 hours to cure the coating films to obtain test samples (optical elements). 

The films formed on polycarbonate from the coating compositions obtained in Examples 1 to 12 and Comparative 
35 Examples 1 and 2 were designated as Example Films 1 to 12 and Comparative Example Films 1 and 2, respectively, 
which were subjected to the following tests. The results are shown in Tables 1 and 2. 

Scratch resistance test 

The above test samples were rubbed with a steel wool #0000, whereupon scratch resistance was visually evalu- 
ated in accordance with the following evaluation standards: 

A: No substantial scratch marks observed even when rubbed intensely. 
B: Substantial scratch marks were observed when rubbed intensely. 
C: Scratch marks equivalent to those on the optical base material were observed. 

Test op presence gr absence oi interference fringes 

The above test samples were visually observed under a fluorescent lamp and evaluated in accordance with the fol- 
lowing evaluation standards: 

A: No substantial interference fringes were observed. 
B: Slight interference fringes were observed. 
C: Substantial interference fringes were observed. 

55 

Adhesion test 

Each test sample was scored with cross cut lines at spaces of 1 mm to define 100 sections, and an adhesive tape 
(Cellotape, tradename, manufactured by Nichiban K.K.) was firmly bonded to the cross scored portion. Then, the adhe- 
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sive tape was peeled quickly, and the presence or absence of peeling of the cured film upon peeling off of the adhesive 
tape was examined. The case where no peeling of the cured film was observed, was designated as "good", and the 
case where peeling was observed, was designated as "poor. 

Hot water resistance test 

Each test sample was immersed in a warm water of 80°C for 2 hours, whereupon the sample was subjected to the 
same adhesion test as described above. 

Transparency test 

Each test sample was visually examined under a fluorescent lamp in a dark room to see if there was any fogging 
The evaluation standards were as follows: 

A: No fogging was observed. 

B: Slight fogging was observed. 

C: Substantial fogging was observed. 

Weather re sistance test 

On the cured film of each test sample, an antiref lection film made of a vapor deposition film of a inorganic oxide, 
was formed to obtain a test sample (optical element), which was subjected to outdoor exposure for one month, and the 
change in the appearance of the test sample (optical element) after exposure was visually evaluated. 



Table 1 
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Film 


Scratch 
resistance 


Interference 
fringes 


Adhesion 


Warm water 
resistance 


Transparency 


Weather 
resistance 
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Good 


Good 


A 


Good 
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Good 


Good 
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Good 
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Good 


Good 
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Good 
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Good 


Good 
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Good 
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Good 


Good 
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Good 
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Good 
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Good 


Good 
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Good 
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Good 


Good 
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Good 






9 
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Good 


Good 
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Good 
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Good 


Good 
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Good 
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Good 


Good 
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Good 
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Good 


Good 
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Good 






Table 2 






Comparative 
Example Film 


Scratch 
resistance 


Interference 
fringes 


Adhesion 


Warm water 
resistance 


Transparency 


Weather 
resistance 


1 


A 


A 


Good 


Partly peeled 


A 


Slight yellowed 


2 


A 


C 


Good 


Good 


A 


Good 



28 



EP 0 748 768 A1 



With the test samples having cured films made of the coating compositions of the present invention, good results 
were obtained in the above tests. 

On the other hand, in a case where particles of modified stannic oxide coated with colloidal particles of a tungsten 
oxide-stannic oxide composite, were used instead of the particles of hydrated zinc stannate as component (B), the 
5 water resistance decreased, and further, as a result of the exposure test for a long period of time, the particles of mod- 
ified stannic oxide are considered to have been yellowed due to the exposure to the sunlight. 

Further, in a case where particles of modified stannic oxide coated with colloidal particles of a tungsten oxide-stan- 
nic oxide composite, were used instead of the particles of modified metal oxide such as modified stannic oxide or mod- 
ified zirconium oxide coated with hydrated zinc stannate particles, for component (B^, the water resistance decreased, 
10 and further, as a result of the exposure test for a long period of time, the particles of modified stannic oxide are believed 
to have been yellowed due to the exposure to the sunlight. 

Still further, in a case where colloidal silica particles were used instead of the particles of hydrated zinc stannate 
for component (B). the refractive index was low, and when a cured film was formed on a substrate having a high refrac- 
tive index, interference fringes were observed on the coated film, such being undesirable. 
is The hydrated zinc stannate sol obtained according to the first aspect of the present invention has a primary particle 
diameter of from 2 to 200 nm and high transparency, and its dried coating film shows a refractive index of about 1 .7 to 
1 .9 and is excellent in light resistance, weather resistance, antistatic property, abrasion resistance, adhesion, etc. 

The sol of colloidal particles of an oxide of a metal having a valence of 3, 4 or 5, surface-coated with colloidal par- 
ticles of hydrated zinc stannate, obtained according to the second aspect of the present invention, has a primary parti- 
20 cle diameter of from 4.5 to 100 nm and high transparency, and its dried coating film shows a refractive index of about 
1 .7 to 2.2 and is excellent in water resistance, light resistance and weather resistance and also has good antistatic prop- 
erty, abrasion resistance and adhesion. 

With a hard coating agent containing colloidal particles of an oxide of a metal having a valence of 3, 4 or 5, such 
as Sn0 2 particles, Zr0 2 particles, Ti0 2 particles, SbgOs particles or composite particles of Sn0 2 and 2r0 2 particles, 
25 water resistance of a coating film obtainable by coating and curing it, is low. Whereas, with a hard coating agent con- 
taining the modified metal oxide particles of the present invention obtained by coating colloidal particles of an oxide of 
a metal having a valence of 3, 4 or 5, with colloidal particles of hydrated zinc stannate, it has been found that the water 
resistance of a coating film obtained by coating and curing in the same manner as above, is improved. 

The sols according to the first and second aspects of the present invention show adequate stability to be supplied 
30 as industrial products and can be mixed stably with a resin emulsion, a modacrylic resin or a partial hydrolyzate of a 
silane coupling agent. 

The sols of the present invention having such a nature, are useful particularly as a component for improving the 
refractive index, dyability, chemical resistance, water resistance, light resistance, weather resistance, abrasion resist- 
ance, etc. for forming a hard coating film on the surface of a plastic molded product such as a plastic lens or film. 
35 The sols of the present invention can be used also for applications as flame retarding adjuvants for e.g. a halogen- 
containing vinyl resin or a modacrylic resin, as flame retarding agents for e.g. fibers and papers, as microfillers for 
absorbing ultraviolet rays, or as microfillers for far infrared radiation. 

Further, a powder obtained by drying the sol according to the first aspect of the present invention by e.g. a spray 
dryer, is useful as a flame retardant for a halogen-containing resin, and an anhydride obtained by calcining and dehy- 
40 drating this powder at a temperature of at least 300°C, can be used also as a flame retardant for an engineering plastic 
having a high processing temperature. 

Cured films obtainable by the coating compositions according to the third and fourth aspects of the present inven- 
tion will make coating layers having improved scratch resistance, surface hardness, abrasion resistance, transparency, 
heat resistance, light resistance, weather resistance, particularly water resistance. Further, such coating layers have 
45 excellent adhesive properties with an antireflection film (such as an inorganic oxide or a f luorinated compound) or a 
metal vapor-deposited film, formed thereon. 

The modified metal oxide particles coated with the hydrated zinc stannate particles used for component (B') 
according to the fourth aspect of the present invention, exhibit the same function as in a case where the hydrated zinc 
stannate particles are used alone, and as a result, they give high water resistance to the coating composition of the 
so present invention. In the present invention, by coating the surface of particles made of an oxide of a metal having a 
valence of 3, 4 or 5, as nuclei, with the hydrated zinc stannate particles, only the particle surface is constituted by the 
hydrated zinc stannate particles, whereby high water resistance can be obtained with a small amount of hydrated zinc 
stannate particles per unit volume, and the hydrated zinc stannate particles can be used efficiently. 

Optical elements having cured films made of the coating compositions according to the third and fourth aspect of 
55 the present invention have the above-mentioned various properties and further present optical elements having excel- 
lent appearance and high transparency, which are free from interference fringes even when such cured films are formed 
on substrates having a high refractive index of a level of 1 .54 or higher. 

The optical elements to be employed in the third and fourth aspects of the present invention are most preferably 
plastic molded products, and as such plastic molded products, not only lenses for eyeglasses, but also lenses for cam- 
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eras, window glasses lor automobiles and optical filters used for liquid crystal display or plasma display devices may, 
fo; smple, be mentioned. By coating the coating compositions of the present invention on such plastic molded prod- 
uc astic molded products having cured films made of the above-described coating compositions, will be obtained. 

Claims 

1 . A sol having dispersed in a liquid medium particles of a hydrated zinc stannate having a primary particle diameter 
of from 2 to 200 nm and represented by the formula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x v z is 1 0 83 
to 1.43:1.00 to 5.00. ' 

2. A process for producing the sol as defined in Claim 1 , which comprises: 

(a) a step of reacting a zinc salt and a stannate in an aqueous medium in the presence of hydrogen peroxide 
to obtain an aqueous medium having dispersed therein colloidal particles of a hydrated zinc stannate having a 
Zn/Sn molar ratio of from 0.7 to 1 .2; 

(b) a step of heating the aqueous medium having dispersed therein colloidal particles of a hydrated zinc stan- 
nate, obtained in step (a), at a temperature of from 30 to 200°C; and 

(c) a step of removing an electrolyte from the aqueous medium having dispersed therein colloidal particles of 
a hydrated zinc stannate, obtained in step (b). 

3- The process according to Claim 2, wherein in step (a), the amount of hydrogen peroxide present in the aqueous 
medium is from 0.5 to 20.0 as a molar ratio of H 2 0 2 /Zn. 

4. The process according to Claim 2 or 3, wherein in step (a), the reaction of the zinc salt and the stannate in the pres- 
ence of hydrogen peroxide, is carried out in an aqueous medium prepared by mixing an aqueous zinc salt solution 
having an aqueous hydrogen peroxide solution added thereto, with an aqueous stannate solution. 

5. The process according to any one of Claims 2 to 4, wherein in step (a), the pH of the aqueous medium is from 3 to 
12. 

6. The process according to any one of Claims 2 to 5, wherein in step (a), the aqueous medium contains hydroxycar- 
boxyhc acid, its salt or a mixture thereof in a molar ratio of at most 1 .5 relative to Sn in the stannate. 

7. A process for producing the sol as defined in Claim 1 , which comprises: 

(a*) a step of neutralizing a zincate and a stannate with an acid in an aqueous medium in the presence of hydro- 
gen peroxide to obtain an aqueous medium containing agglomerates of colloidal particles of a hydrated zinc 
stannate having a Zn/Sn molar ratio of from 0.7 to 1 .2; 

(b 1 ) a step of heating the aqueous medium containing the agglomerates of colloidal particles of a hydrated zinc 
stannate, obtained in step (a*), at a temperature of from 30 to 200°C; 

(cl a step of removing an electrolyte from the aqueous medium containing the agglomerates of colloidal parti- 
cles of a hydrated zinc stannate. obtained in step (b 1 ); and 

(dO a step of peptizing the agglomerates of colloidal particles of a hydrated zinc stannate in the aqueous 
medium obtained in step (C*). 

8. The process according to Claim 7, wherein in step (a*), the amount of hydrogen peroxide present in the aqueous 
medium is from 0.5 to 20.0 as a molar ratio of H 2 O^Zn. 

9. The process according to Claim 7 or 8. wherein in step (a 1 ), the reaction for neutralizing the zincate and the stan- 
nate in the presence of hydrogen peroxide is carried out in an aqueous medium prepared by mixing an aqueous 
solution containing the zincate and the stannate and an aqueous acid solution having an aqueous hydrogen per- 
oxide solution added thereto. 

10. The process according to any one of Claims 7 to 9, wherein in step (a*), the pH of the aqueous medium is from 3 
to 12. 

11. The process according to any one of Claims 7 to 10, wherein in step (a*), the aqueous medium contains a hydrox- 
ycarboxylic acid, its salt or a mixture thereof in a molar ratio of at most 1 .5 relative to Sn in the stannate. 
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12. A sol having dispersed in a liquid medium particles of a modified metal oxide which have a primary particle diam- 
eter of from 4.5 to 100 nm and which comprise particles (i) of an oxide of a metal having a valence of 3, 4 or 5 as 
nuclei, and particles (ii) of a hydrated zinc stannate represented by the formula xZnO • ySn0 2 • zHoO wherein the 
molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00, coated on the surface of the particles (i). 

5 

13. The sol according to Claim 12, wherein the primary particle diameter of the particles (i) of an oxide of a metal hav- 
ing a valence of 3, 4 or 5 is from 4 to 50 nm. 

14. The sol according to Claim 12 or 13, wherein the primary particle diameter of the particles (ii) of a hydrated zinc 
io stannate is from 2 to 20 nm. 

15. The sol according to any one of Claims 12 to 14, wherein the oxide of a metal having a valence of 3. 4 or 5 is an 
oxide of Sn, an oxide of Zr, an oxide of Ti, an oxide of Sb or a mixture thereof. 
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is 16. A process for producing the sol as defined in any one of Claims 12 to 15. wherein the particles of a modified metal 
oxide are prepared by mixing 100 parts by weight of particles (i) of an oxide of a metal having a valence of 3 4 or 
5, with from 2 to 100 parts by weight of particles (ii) of a hydrated zinc stannate represented by the formula 
xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43: 1 .00 to 5.00. 

20 17. A coating composition comprising: 

(A) at least one silicon-containing substance selected from the group consisting of organic silicon compounds 
of the formula (I): 

25 (R 1 )a(R 3 )bSi(OR 2 ) 4 . (a+b) (|) 

wherein each of R 1 and R 3 is an alky! group, an aryl group, a halogenated alkyl group, a halogenated aryl 
group, an alkenyl group, or an organic group having an epoxy group, an acryloyl group, a methacryloyl group 
a mercapto group, an amino group or a cyano group, which is bonded to the silicon atom by a Si-C bond, R 2 is 
a d . 8 alkyl group, an alkoxyalkyl group, or an acyl group, and each of a and b is an integer of 0, 1 or 2 provided 
that a+b is an integer of 0. 1 or 2, and the formula (II): 

[(R 4 ) c Si(OX) 3 J 2 Y 

wherein R 4 is a C,. 5 alkyl group, X is a d_ 4 alkyl group or an acyl group, Y is a methylene group or a C 2 20 
alkylene group, and c is an integer of 0 or 1, and their hydrolyzates; and 

(B) particles of a hydrated zinc stannate having a primary particle diameter of from 2 to 200 nm and repre- 
sented by the formula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00. 

40 18. The coating composition according to Claim 1 7. wherein component (A) is at least one silicon -containing substance 
selected from the group consisting of the organic silicon compounds of the formula (I) and their hydrolyzates. 

19. The coating composition according to Claim 17 or 18. which contains, as component (C), at least one metal com- 
pound selected from the group consisting of metal salts, metal alkoxides and metal chelates, as a curing catalyst. 

45 ~~* 

20. An optical element having on its surface a cured film made of the coating composition as defined in any one of 
Claims 17 to 19. ~ 

21 . An optical element having on its surface a laminated film comprising an antiref lection film and a cured film made of 
so the coating composition as defined in any one of Claims 1 7 to 1 9. 

22. A coating composition comprising: 

(A) at least one silicon-containing substance selected from the group consisting of organic silicon compounds 
55 of the formula (I): _ ~ 

(R 1 )a(R 3 ) b Si(OR 2 ) 4 . (a+b) (l) 
wherein each of R 1 and R 3 is an alkyl group, an aryl group, a halogenated alkyl group, a halogenated aryl 
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group, an alkenyl group, or an organic group having an epoxy group, an acryloyl group, a methacryloyt group, 
a mercapto group, an amino group or a cyano group, which is bonded to the silicon atom by a Si-C bond, R 2 is 
a O,^ alkyl group, an alkoxyalkyi group, or an acyl group, and each of a and b is an integer of 0, 1 or 2. provided 
that a+b is an integer of 0, 1 or 2, and the formula (II): 



[(R 4 ) c Si(OX) 3 J 2 Y ( „) 

wherein R 4 is a C v5 alkyl group, X is a alkyl group or an acyl group, Y is a methylene group or a C 2 20 
alkylene group, and c is an integer of 0 or 1 , and their hydrolyzates; and 

(B*) particles of a modified metal oxide which have a primary particle diameter of from 4.5 to 1 00 nm and which 
comprise particles (i) of an oxide of a metal having a valence of 3, 4 or 5. as nuclei, and particles (ii) of a 
hydrated zinc stannate represented by the formula xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 
1 X).83 to 1 .43:1 .00 to 5.00, coated on the surface of the particles (i). 

23. The coating composition according to Claim 22, wherein component (A) is at least one silicon-containing substance 
selected from the group consisting of the organic silicon compounds of the formula (I) and their hydrolyzates. 

24. The coating composition according to Claim 22 or 23, wherein the primary particle diameter of the particles (i) of 
an oxide of a metal having a valence of 3, 4 or 5 in component (B 1 ), is from 4 to 50 nm. 

25. The coating composition according to any one of Claims 22 to 24, wherein the primary particle diameter of the par- 
ticles (ii) of a hydrated zinc stannate in component (B*), is from 2 to 20 nm. 

26. The coating composition according to any one of Claims 22 to 25, wherein the oxide of a metal having a valence of 
3, 4 or 5 is an oxide of Sn, an oxide of Zr, an oxide of Ti, an oxide of Sb or a mixture thereof. 

27. The coating composition according to any one of Claims 22 to 26, wherein the particles of a modified metal oxide 
in component (B*) are obtained by mixing 100 parts by weight of particles (i) of an oxide of a metal having a valence 
of 3, 4 or 5 with from 2 to 1 00 parts by weight of particles (ii) of a hydrated zinc stannate represented by the formula 
xZnO • ySn0 2 • zH 2 0 wherein the molar ratio of x:y:z is 1 :0.83 to 1 .43:1 .00 to 5.00. 

28. The coating composition according to any one of Claims 22 to 27, which contains, as component (C), at least one 
metal compound selected from the group consisting of metal salts, metal alkoxides and metal chelates, as a curing 
catalyst. 

29. An optical element having on its surface a cured film made of the coating composition as defined in any one of 
Claims 22 to 28. 

30. An optical element having on its surface a laminated film comprising an anti reflection film and a cured film made of 
the coating composition as defined in any one of Claims 22 to 28. 
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